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STELLING EN 
I. 
De optimale frequentie van plaqueverwijdering wordt grotendeels be­
paald door de ernst van de parodontale ontsteking. 
Die proefschrift. 
II. 
Ook zonder mondhygienische maatregelen treedt genezing op bij kunst­
matig gecreeerde parodontale defecten. 
Dit proefschrift. 
III. 
Vee) parodontale problemen zijn te wijten aan het feit dat restauraties 
niet altijd bij de preparaties passen. 
IV. 
Once a periodontal patient, for ever a periodontal patient. 
Ramfjord, Gent 198S. 
V. 
Na het kunstmatig creeren van parodontale defecten verdient het aanbe­
veling deze defecten drie maanden Jang ongemoeid te laten, alvorens thera­
peutische interventie te onderzoeken. 
Dit proefschrift. 
VI. 
In Nederland bestaat niet zozeer een overschot aan tandartsen als wel een 
tekort aan beschikbare financiele middelen om de bestaande tandheelkun­
dige behandelingsnoodzaak te dekken. 
VII. 
Voor een juiste interpretatie van de progressie van parodontale ontste­
kingen is een diagnostisch moment onvoldoende. 
VIII. 
Het feit dat een tandprotheticus voor her vervaardigen van een gebits­
prothese een schriftelijke verklaring van de randarts nodig heeft, is voor veel 
tandartsen een bijzonder geruststellende gedachte. 
IX. 
Voor het creeren van nieuwe aanhechting op een tandwortel die heeft 
blootgestaan aan plaque, zijn cellen afkomstig uit her parodontaal ligament 
onontbeerlijk. 
Nyman et al., Journal of Clinical Periodontology 9: 290-296, 1982. 
X. 
Op zeer korte termijn diem iedere tandarts over de kennis en kunde te 
beschikken die nodig is om de parodontale zorg van al zijn patienten te waar­
borgen. 
Rapport Meerjarenplan P.A.O.-commissie N.V.v.P., 1985. 
XI. 
Voor parodontaal-chirurgische ingrepen geldt: Baar her niet, dan schaadt 
het we!. 
XII. 
De kaakchirurg gedraagt zich in de parodontale zorgverlening als een 
slecht minnaar: er is geen voorspel en er is geen naspel. 
XIII. 
In de bio-industrie wordt maar al te vaak vergeten dat de kip een rendier is. 
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STELLING EN 
I. 
Bijna elke parodontale afwijking kan experimenteel nagebootst warden. 
Di t proefsch rift. 
II. 
Om een gezonde gingiva gezond te houden behoeft plaque niet dagelijks 
verwijderd te warden. 




Zowel chirurgische als niet-chirurgische ingrepen bij pockets die ondieper 
zijn dan 4 millimeter leiden tot verlies van aanhechting. 
Badersten, A., Nilveus, R. & Egelberg,J.Journal of Clinical Periodonrology 8: 
57-72, 1981. 
IV. 
Klinisch vastgestelde winst in aanhechting na een zogenaamde Widman­
flap procedure betekent niet dat nieuwe aanhechting heeft plaatsgevonden. 
Caron, J. & Nyman, S. Journal of Clinical Periodonrology 7: 212-223, 1980. 
V. 
Gelet op de centrale rol van mondhygiene bij de behandeling van paro­
dontale ontstekingen is de mondhygienist niet een hulpkracht maar de be­
langrijkste professionele zorgverlener. 
VI. 
Parodontologie is een tandheelkundig basisvak. 
VII. 
Voor een goed functioneren van een individueel studie systeem dienen 
niet alleen onderwijsgevers en studenten maar ook onderwijsmakers en 
dienstverleners volledig op de hoogte re zijn van de daarbij gehanreerde uit­
gangspunten. 
VIII. 
Grote samenscholingen van journalisten staan een onbelemmerde kijk op 
gebeurtenissen in de weg. 
IX. 
Her getuigt van een weinig principiele houding van de overheid dat de 
gelijkschakeling tussen huwelijk en andere samenlevingsvormen pas enige 
vorm begint re krijgen nu her belastinggeld gaat opleveren. 
X. 
Her milde strafklimaat in Nederland kan alleen gehandhaafd blijven als 
eenmaal uirgesproken vonnissen ook werkelijk uitgevoerd warden. 
XI. 
De officiele erkenning van her unieke karakter van her waddengebied 
heeft slechts tot gevolg dat bedreigende plannen vertraagd warden uitge­
voerd. 
XII. 
Her lijkt erop dat de zogenaamde antidiscriminatiewet (Wetsontwerp 
gelijke behandeling) niet zozeer elke vorm van discriminatie gaat verbieden, 
maar veeleer vast gaat stellen door wie we) en door wie niet gediscrimineerd 
mag warden. 
XIII. 
Om een goede indruk re krijgen van her door een promovendus geleverde 
werk client men meer re lezen clan de bij her proefschrift gevoegde stellingen. 
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In the periodontology group of the 





model since 1974. The research line was started by Johan van 
Dijk who studied surgery and oral hygiene on artificial 
periodontal defects in beagle dogs. Different aspects of 
subsequently those artificial periodontal defects were 
investigated by Jan Jansen. See Appendix B for list of 
publications. 
The present report is devoted to the third and the fourth 
series of experiments which cover the influences of 
different frequencies of oral hygiene on four different 
experimental periodontal conditions. The project can clearly 
be divided into two series of experiments, one dealing with 
gingivally contained lesions under responsibility of Jan 
Tromp, the other dealing with artificial periodontal defects 
under responsibility of Nico Corba. The experiments were 
designed in such a way that the different parts of the 
projects could be carried out at the same time and in the 
same group of beagle dogs, in close cooperation between Jan 
Tromp and Nico Corba. Therefore a joint presentation of two 
theses in one book was preferred. 
Both investigators 
introduction (Chapter 
are responsible for 
1) and the general 
the general 
material and 
methods (Chapter 2 ), as well as for the general discussion 
(Chapter 11) and the summary (Chapter 12 ) . 
Tromp is responsible for the literature survey in Chapter 
3, whilst Corba is responsible for Chapter 4 dealing with 
methodological aspects around the force applied in probing 
the depths of periodontal pockets and the statistical 
analysis of the data. 
12 
The series of clinical and histological experiments in 
gingival health 
the Chapters 5, 
and in gingivitis 
6 and 9. 




responsible for the 
Chapters 7, 8 and 10, 
results in acute 
series of experiments 
dealing with clinical and 
and stable artificial 
periodontal defects. 
Delimination of responsibilities 
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1 General introduction 
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4 Methodological aspects 
5 Healthy gingiva, clinical data 









Acute periodontal defects, 
clinical data 
Stable periodontal defects, 
clinical data 
Healthy gingiva and experi­
mental gingivitis, histological 
data 
Acute and stable periodontal 






















The investigations presented here are performed in the 
field of periodontology. In this chapter firstly that part 
of dentistry dealing with the supporting and investing 
tissues of the teeth called the periodontium will be 
described. Secondly recent developments in periodontal 
research and more specifically the aim of the present 
projects will be presented. 
The periodontium in health and disease 
The periodontium can be defined as tissues together 
forming the supporting and investing apparatus of the teeth: 
gingiva, alveolar bone, periodontal ligament and root 
cementum (Fig. 1). The teeth are firmly connected to the 
jaws by the collagen fibres of the periodontal ligament. 
These fibres are at one side inserted in the alveolar bone, 
surrounding the socket, and are at the other side embedded 
in the cementum covering the roots of the teeth. The gingiva 
covers these structures, being attached by fibres to the 
alveolar bone and connected to the crown of the tooth by an 
epithelial attachment. Apical to this epithelial attachment 
the gingiva is connected to the root cementum by collagen 
fibres. 
In health the periodontal tissues are firm and thus able 
to adequately support the teeth during their function in the 
mouth. In absence of an adequately practiced oral hygiene, 
dental plaque, i. e. bacterial aggregations that can not be 
removed by the mechanical action of a strong water spray, 
will accumulate on the surfaces of the teeth. Composition 
and structure of this bacterial plaque will change during 
the period when teeth are not cleaned. Long standing 
presence of dental plaque influences the state of health of 
15 
dental plaque __ 
pocket 
calculus_.._ ...... 
PERIODONTAL BREAKDOWN\ HEALTHY PERIODONTIUM 
Fig. 1 The periodontium. 
the periodontal tissues and periodontal inflammation will 
result. The presence of an inflammation in the periodontal 
tissues results in a disintegration of the collagen fibres. 
When the inflammatory state continues these disintegrated 
fibres will be replaced by a chronic cellular infiltrate. 
As long as these processes are limited to the gingiva the 
disease is called gingivitis: a state of periodontal disease 
that is reversible to a healthy periodontium. This process 
may extend deeper into the periodontal tissues and will 
subsequently cause further destruction of the periodontium 
i.e. breakdown of the connective tissue attachment, apical 
migration of the junctional epithelium and resorption of the 
16 
alveolar bone. In this phase the disease is called 
periodontitis: a state of periodontal disease that is not 
completely reversible to the healthy periodontium. During 
this process of breakdown the periodontal tissues are no 
longer firmly attached to the teeth. As a result a space 
called will form between the tissues and the tooth, the so 
periodontal pocket. The periodontal pocket will extend 
itself more apically, thereby spreading its content, being 
mainly microbial plaque. The tooth will at the same time 
loose support and show increasing mobility. Also a gingival 
recession may appear: a more apically positioning of the 
gingival margin. 
The extension of a pocket can be estimated by using a 
probe. In humans probing depths up to 3 millimeters can be 
considered as normal. In moderately advanced periodontitis 
pockets are 4 or 5 millimeters deep. In advanced 
periodontitis the depth of a pocket is 6 millimeters or 
more. When the periodontal disease proceeds over a long 
period ultimately all support of the tooth may be lost. This 
may lead to loss of teeth and ultimately to edentulousness. 
Periodontal disease, changing concepts 
The above described development and progress of 
periodontal disease (gingivitis periodontitis tooth 
loss, caused by accumulation of bacterial plaque) is not 
uniform for every person or every tooth. Ideas and concepts 
about cause, onset and progress ion of periodontal disease 
are developed and repeatedly adapted according to results of 
extensive periodontal research. 
Since the middle of the century several experiments were 





periodontal diseases. Firstly, 
demonstrated a relation between 
presence of bacterial deposits and the presence of diseases 
of the periodontium (LOvdal et al. 1958, Schei et al. 1959 
and Greene 1963) • Subsequently a clear causal relation 
17 
between plaque and gingivitis was demonstrated in man by LOe 
et al. (196 5) and Theilade et al. (1966) . Accumulation of 
plaque provoked the development of gingivitis whilst after 
reinstitution of the normal era 1 hygiene procedures 
inflammation resolved and the periodontium returned to a 
state of health. A similar relation between plaque and 
periodontitis was not demonstrated in man but in dogs by 
Lindhe et al. (1973, 1975) . Finally, it has been proved that 
oral hygiene measures are effective in retarding (Lc5vdal et 
al. 1961, Suomi et al. 1971 and Knowles et al. 1979) or even 
almost arresting the progression 
(Lindhe & Axelsson 1973, Axelsson & 
1979 and Axelsson & Lindhe 1981) .  
of periodontal disease 
Lindhe 1974, SOderholm 
Though it has thus been proved that periodontal diseases 
are caused by dental plaque it is a common observation that 
accumulation of a certain amount of bacterial plaque does 
not cause the same amount of periodontal breakdown around 
all teeth of all patients. Some patients develop rapidly 
progressive periodontal breakdown in the presence of only 
slight amounts of plaque, whilst others remain almost free 
of periodontal disease in spite of accumulation of gross 
amounts of plaque over prolonged periods of time. Recently 
more and more evidence has been presented to support the 
concept of high risk replacing the traditional concept of 
periodontal disease as a slow, continuous progressive 
ailment: from early gingivitis with a gradual loss of 
attachment into the terminal stages of periodontitis until 
tooth loss. Some persons may be more susceptible to 
progressing disease than others and the destruction might 
not be spread evenly through the dentition as has been 
discussed on the basis of epidemiological surveys (Schaub et 
al. 1979, Pilot 1984ab, Schaub 1984, Pilot & Schaub 1985, 
Pilot 1985) . 
It must therefore be concluded that more factors than the 
quantity of plaque alone influence the rate of progression 
of periodontal disease on an individual basis as for 
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instance composition and pathogenicity of dental plaque or 
susceptibility of the patient for periodontal disease. 
Some specific bacteria have been associated with 
progressing periodontal disease as mentioned already in 1977 
by Socransky and in 1979 by Slots. The concept about the 
progression of periodontal disease has changed. Socransky et 
al. (1984)  rejected the "continuous disease" hypothesis and 
replaced it by the so called "random disease" model. 
According to this model periodontal disease is not 
continuously active and progressive. Periodontal disease is 
according to the "random disease" model especially 
proceeding in bursts of activity for short periods of time 
and at randomly at individual sites in the periodontium. 
According to this concept some sites are free and remain 
free of destructive periodontal disease for a life time. 
Other sites demonstrate a brief period (a few days to a few 
months) of active periodontal disease resulting in loss of 
periodontal support in that site. After a period of active 
disease these sites may remain free of further breakdown or 
could be subject to further bursts of periodontal disease 
activity. 
From these ideas about development and progression of 
periodontal diseases it can be concluded that when at a 
specific site periodontal breakdown is found it is, only by 
this � observation, impossible to determine when this 
breakdown was formed, whether this process is still 
proceeding or is at rest and how this breakdown was formed, 
continuously or alternating, The following figure (Fig. 2), 
showing how periodontal diseases can be distinguished, 
illustrates the different findings that can be done in 
exploring periodontal disease. 
It should be stressed that according to the random 
disease concept of Socransky et al. ( 1984) the transition 
from a stable periodontal condition to periodontal breakdown 
vice versa may be a reversible process. The same is the case 





stable periodontal condition 
tl 




local form generalized form local form generalized form 
Fig. 2 Forms of periodontal disease. 
The above described developments in the current views on 
periodontal disease strongly influence the way these 
diseases should be treated or prevented. Because not every 
gingivitis develops automatically to periodontitis after 
which loss of teeth is unavoidable unless oral hygiene is 
practiced or therapy is applied, therapeutic or preventive 
efforts should be directed to those patients or those 
individual sites that are at risk. This implies the 




about the possible 
Research disease. 









development of an active periodontal breakdown. It may be 
expected that in the future for instance plaque analyses or 
bacterial culturing are going to be used in the diagnosis of 
periodontal disease in order to predict a possible 
development of periodontal disease or evaluate the result of 
therapy. When it is possible to identify the periods and 
sites in individual persons that are susceptible to 
periodontal disease then therapy and preventive measures can 
selectively and more specifically be applied. 
20 
Aim of the present research p roj ects 
In spite of changing views on the pathogenesis and 
progression of periodonta l disease the decisive factor for 
therapy and prevention remains p laque contro l. For every 
reso lution of periodonta l disease the institution of an 
adequate ora l hygiene regime is indispensable in humans but 
a lso in experimenta l anima ls. The widespread use of 
experimenta l anima ls in periodonta l research is to be 
considered an important link in the who le chain of 
deve lopment of practica l app lication of therapeutica l or 
preventive methods and techniques in humans. 
From 19 7 4  onwards in the periodontology group at the 
University of Groningen beag le dogs have been used in a 
series of experiments. The above described ideas about the 
importance of p laque remova l and the resu lts of previous 
research projects dealing with surgery and ora l hygiene (Van 
Dij k, 1979) and artificia l periodonta l defects (Jansen 1982) 
resu lted in the present series of experiments concerning the 
inf luence of different frequencies of ora l hygiene on 
different states of periodonta l health and disease. A 
division was made to gingiva l ly contained lesions, where the 
experimenta l ly created conditions are limited to the 
superficia l regions of the periodontium, and the artificia l  
periodontal defects, situated more deep ly in the periodonta l 
tissues. Because of the difference in loca lisation of these 
two groups of periodonta l conditions it can easi ly be 
understood that the inf luence of plaque is not the same. 
A further distribution is to be made within the two groups 
of experiments. Two types of gingiva l ly contained conditions 
were created name ly hea lthy gingiva and gingivitis. With 
regard to the artificia l periodonta l defects both acute as 
we l l  as stab le defects were created. Furthermore a review of 
the literature was carried out in order to gain information 
about the use of dogs in periodonta l research especia l ly in 
re lation to the frequency of ora l hygiene that was applied 
and to the experimenta l conditions that were created. A lso 
some methodo logica l prob lems concerning statistica l ana lysis 
2 1 
and reproducibility of probing depths had to be resolved. To 
that end, a special constant force probe was developed and 
tested. 
Results of the present experiments should give detailed 
clinical and histological information about the influence of 
different oral hygiene frequencies on the development of 
periodontal disease or reinstitution to health. This kind of 
data will augment the knowledge of the beagle dog model that 
as a result may be used more selectively and economically. 
These theses are restricted to the influence of mechanical 
plaque removal. With respect 
be expected that also the 
to recent developments it 
influence of antibiotics 
may 
and 
plaque control or its adhesive characteristics to a root 
surface will be studied in the near future in this model. 
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CHAPTE R 2 
GENERAL MATERIAL AND METHODS 
Ma teri a l  
The experiments were carried out in a group of 2 4  beagle 
dogs. The dogs were born and raised at the TNO -Centre for 
Experimental Animals at Zeist , the Netherlands . The age of 
the dogs at the start of the experiment was approximately 
two years. Their weight was about 15 kg. All dogs were in 
good health and immunized against distemper . 
During the whole experiment the dogs have been housed 
separately in cages of one and a half by five meters . These 
cages were localised in the Experimental Animal Laboratory 
of the University of Groningen . 
During the whole experiment , the dogs were fed on a soft 
diet, which favoured gross plaque accumulation . This diet 
consisted of Canex (
R ) dogmeat , soaked in water . water was 
supplied ad libitum. At the start of the experiments the 
periodontium was in a relatively good condition and all 
animals had a complete dentition . Some calculus and plaque 
could be observed especially in the lateral areas . There was 
often a moderate inflammation of the marginal gingiva . 
Pockets exceding a depth of three millimeters were not 
present neither was recession of gingivae . All treatments 
and registrations were performed using sodium pentobarbital 
(Nembutal 
(R )
) anaesthesia, 30 milligrams per kilogramme of 
bodyweight, injected intravenously . 
Methods  
Periodontal conditions 
In the present series of experiments four different 
periodontal conditions were established at baseline : 
1. Healthy gingiva . 
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2. Experimental gingivitis. 
J. " Acute " periodontal defects (defects immediately after 
creation). 
4. " Stable " periodontal defects (defects after a period of 
healing) . 
A complete outline of the experiment is shown in Fig. 1. 
Ad 1 :  Healthy gingiva : 







3 in one group of 12 dogs were 
carefully scaled and polished. During the subsequent period 
these premolars were thoroughly brushed every day . At 
baseline a healthy periodontal condition was present. The 
experiment is described and discussed in detail in Chapters 
5 and 9 .  
Ad 2 :  Experimental gingivitis: 









3 in the second group of 12 dogs were 
scaled and polished. During the following eight 
weeks these premolars were thoroughly brushed every day. The 
next four weeks no brushing was performed . At base line an 
experimental gingivitis was present. The experiment is 
described and discussed in detail in Chapters 6 and 9. 
Ad 3: Acute periodontal defects: 
In one group of 12 dogs six weeks before the baseline of 
the experiment small amalgam fillings were made at the level 
of the gingival margin in the interproximal, lingual and 












to serve as reference points for gingival 
recession. Around these premolars periodontal defects were 
created using a modification of the method described by 
Caton & Zander ( 1975) . The dentogingival fibres were cut to 
the level of the alve-olar bone . Orthodontic elastic bands 
(Unitek, Englewood Cliffs N. I. 1/8 inch) were placed in 
these deepened sulci below the gingival margin and left 
alone for a period of six weeks. After removal of the 
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Fig. 1 Outline of the experiments. 
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elastic bands at baseline acute periodontal defects were 
present. The experiment is described and discu s s ed in detail 
in the Chapters 7 and 10. 
Ad 4 :  Stable periodontal defects : 
In the other group of 12 dogs 18 weeks before baseline 
reference points of amalgam were made at the level of the 
gingival margin in the interproximal, lingual and buccal 












• Periodontal defects were created in the same way as 
mentioned for the acute periodontal defects. After a period 
of six weeks the elas tic bands were removed and the defects 
were left undis turbed during the next 12 weeks according to 
Jansen & Pilot ( 198 1) . In this way periodontal defects that 
can be regarded as stable were present at baseline. The 
experiment is described and discu s sed in detail in Chapters 
8 and 10. 
Experimental groups 
At the bas eline of these four experimental conditions 
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each group of 1 2  dogs was distributed randomly into three 
groups of four dogs each. The fol lowing regimen of tooth 
brushing was instituted for the premolar areas at the right 
side of the upper and lower jaws: 
Group 1 was brushed 7 times a week at noon. 
Group 2 was brushed 3 times a week (early at monday 
morning, wednesday at noon, friday in the afternoon) . 
Group 3 was brushed once a week (Wednesday at noon) . 
The premolar areas at the left side of the upper and 
lower jaws served as non-brushed contro ls. 
Tooth brushing 
Tooth brushing was performed by two skilled denta l 
students. They spent the same quantity of time in brushing 
each dog ' s  teeth. The method of brushing was the modified 
Bass method (Bass 1 9 5 4 ) by means of a mu ltitufted tooth 
brush (Butler 4 1 1 
(R)
) .  
Since dogs do not have significant interproxima l contact 
points no aids for interdenta l cleaning were used. The tooth 
brushing lasted for the whole exper imenta l period of 2 4  
weeks. 
Methods of clinical registration 
Resu lts of the effect of tooth brushing were eva luated 
c linica lly at the dista l and mesia l aspects of the selected 
premolars. Registrations were carried out of plaque, 
gingivitis and probing depth at baseline and at weeks 1, 2, 
3, 4, 8, 1 2, 18 and 2 4  by the same examiner. In al l brushing 
groups these registrations were assessed on thursday before 
noon to make sure al l registrations were made one day after 
tooth brushing of all dogs. Baseline registrations of the 
acute periodonta l defects cou ld not be accomplished since it 
was impossib le to score adequate ly in excessively bleeding 
areas immediate ly after the remova l of the e lastic bands. 
Plaque accumu lation: 
Plaque accumu lation was assessed using the P laque I ndex 
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according to the method described by Silness and LOe ( 196 4), 
giving the following significance to the different scores: 
O no plaque in the gingival area. 
= a film of plaque adhering to the free gingival margin 
and adjacent area of the tooth. The plaque may only be 
recognized by running a probe across the tooth surface. 
2 moderate accumulation of soft deposits within the 
gingival pockets, on the gingival margin and/or adjacent 
tooth surface , which can be seen by the naked eye. 
3 abundance of soft matter within the gingival 





Gingival inflammation was assessed using the Gingival 
Index according to the method described by LOe and Silness 
(1963), giving the following significance to the different 
scores: 
O healthy gingiva 
mild inflammation 
oedema, no bleeding on 
moderate inflammation 
bleeding on probing . 
slight change in color, slight 
probing . 
2 redness, oedema and glazing, 
3 severe inflammation marked redness and oedema, 




inserted using the 
was assessed 
as described in 
with a 
Chapter 4. 
root surface as guidance 
constant-force 
The probe was 
for the probe 
tip. The nearest whole millimeter was recorded . 
Histological registrations 
All dogs were sacrificed 2 4  weeks after the baseline of 




stained paraffin From five haematoxylineosin 
in total three sections 14 0 µm apart were taken 
interproximal block. midsagittal region of each 
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Micrographic colour slides were made and proj ected on a 
Ferranti-Cetec digitizer table connected to a Digital 
P. D . P. - 1 1/ 0 . 5  computer. From these slides the following 
measurements were made : length of j unctional epithelium, 
loss of attachment and quantity of bone loss. 
Furthermore the size of the infiltrated connective tissue 
(ICT) was calculated as described by Jansen ( 1 983) . 
Therefore the interdental papilla between two neighbouring 
teeth was divided into two portions of equal width, the base 
being the surface of the alveolar bone . The size of the 
infiltrated part of the connective tissue in each portion 
was computed and expressed as a percentage of the total 
interdental connective tissue area . The value of ICT was 
expressed as the mean of the percentages of the three 
selected sections . 
Means and standard deviations were calculated for the 
different histometrical distances and for the percentages of 
ICT in each brushing group and the control group . 
A histopathological qualification was described using the 
following criteria: 
Presence and continuity of an epithelial lining of the 
defect . 
Type of epithelial lining of the defect: pocket 
epithelium or j unctional epithelium . 
Types and localisation of inflammatory cells . 
Structure and organization of the connective tissue 
fibres at the root surface and in the supra crestal area . 
More details of the histological analysis are shown in 
Chapters 9 and 10. 
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THE BEAGLE DOG MODEL IN PERIODONTAL RESEARCH 
A survey of l iterature 












humans and in animals . Although much appropriate information 
can be obtained in humans , still an imals are ind ispensable 
or are even to be preferred under certain c ircumstances . 
Reasons to prefer animals above humans in periodontal 
research can be divided into two categories : 
1 • 
2 .  
It is imposs ible or not allowed to perform the projected 
experiment in humans . 
Experiments belonging to this category are : 
- Experiments 
histolog i c  
where ultrastructural , m i croscop ical 




- Experiments in 
rarely be obta ined from humans . 
which cond it ions are created w i th 
irrevers ible consequences .  An example is experimental 
periodont itis where irrevers ible periodontal breakdown 
is induced . 
- Experiments includ ing certain health risks for the 
experimental sub j ec t .  
Experiments us ing procedures that have not yet been 
performed in humans so that the consequences are as 
yet unknown . 
The experimental procedure is eas ier to carry out or 
leads to better results in animals than in humans . 
Experiments belonging to th is category are : 
- Experiments for which a homogeneous group has to be 
selected . A group that is homogeneous w ith regard to 





s e x , 
more 





- Experiments in which standardis ation of conditions is 
necessary, for example with regard to hous ing, diet, 
oral hygiene and behaviour. Supervision of the 
experimental conditions can easier be obtained in 
animals compaired to human sub j ects .  
Reviewing the 
last decades the 
scientific periodontal literature of the 
great number of publications dealing with 
studies using animals is remarkable. Furthermore it is 
remarkable that a great variety of experimental animals was 
used in periodontal research : cows, horses, sheep, pigs, 
dogs, cats, monkeys, rabbits, rats, mice, hamsters, guinea 
pigs, but als o  minks, ferrets, opos sums, gerbils, shrews, 
and even bird s . Each animal has its properties making it 
suitable for a specific experiment ; each experiment has its 
requirements for using s pecific animals. About the s pecific 
qualities, advantages and disadvantages of the three most 
frequently chosen experimental animal s s ome remarks will be 
made . 
Rats 
In comparison to dogs and monkeys large groups of 
homogeneous rats are more easily available, with lower costs 
for purchase and housing. Literature reveals that these 
animals are pre-eminently used and s uited for experiments 
dealing with plaque and poss ible pathogenic micro-organisms 
because of the pos sibility of mono-infecting germ free rats . 
In addition ultrastructural studies, for ins tance with 
regard to the periodontal ligament, are also frequently 
performed in rats. 
Several factors, such as size and shape of teeth, 
difficulties in intra-oral manipulation, are making rats 
les s  suitable for clinical experiments, for instance dealing 
with the effect of periodontal therapies and with oral 
hygiene regimes. Translation of findings to the human 
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situation is difficult because the rat should be regarded as 
a lower species with important differences compared to 
humans, such as continuously erupting teeth. 
For clinical studies with more similarities to the human 
situation therefore greater animals of higher species such 
as monkeys and dogs are preferred. 
Review articles are e. g. Garant (1976) and Heijl et al. 
( 1980) • 
Monkeys 
Literature reveals the use of all kinds of monkeys : 
squirrel, rhesus, baboon, macaques, pig- tails, ring-tails, 
vervets and chimpanz ees. Compared to rats monkeys, being 
primates, have more clinical and histological similarities 
with humans . Development of periodontal disease in monkeys 
is more comparable to humans. The intraoral situation, for 
instance the shape and interdental relation of many teeth, 
is very much alike . These animals are therefore frequently 
used for evaluation of periodontal treatment procedures. 
Monkeys are, however, difficult to handle. A lot of 
procedures therefore have to be performed under certain 
precautions such as anaesthesia or sedation. Especially in 
experiments of long duration, the frequency of these 
procedures has to be limited. This disadvantage makes for 
instance the use of monkeys in experiments where daily oral 
hygiene has to be performed almost impossible. 
A small selection of literature with regard to monkeys is 
Ramfjord (1971), Arnold, & Baram ( 1973) , Avery & Simpson 
( 1973), Caton & Zander ( 1975) and Caton & Kowalski ( 1976) . 
Dogs mentioned in the periodontal literature are true 
bred dogs as Beagles and Labrador Retrievers or mixed breads 
(mongrels). With regard to the periodontium the similarity 
of dogs to humans is high, although less than between humans 
and monkeys. Development of periodontal disease i. e. with 
increasing age and in absence of oral hygiene, is similar to 
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the development of the dis ease in humans. Differences can be 
found with regard to shape, size and interdental relation of 
the teeth. The histomorphology of the periodontium is 
however very similar to humans. Specific qualities of dogs 
make them suitable for clinical and histological s tudies 
where long term treatment procedures have to be evaluated. 
Dogs are large enough to perform intraoral clinical 
procedures adequately. Because dogs, at least beagle dogs, 
are easy to handle they allow frequent intraoral manipul­
ations without being sedated or anaesthesized. For this 
reasons in studies where frequently oral hygiene has to be 
performed, dogs are preferred. In using dogs for experiments 
true bred dogs have advantages above mongrels (mixed bread 
dogs ). Using a group of similar true bred dogs enhances the 
homogenicity and uniformity of the experimental group, 
compared to using a group of all kind of different dogs . 




may als o  
conditions 
influence 
in order to prevent inbreeding, 
the quality of the dog as 
experimental animal. 
For references with regard to dogs see 
(1967), Gad (196 8 ), Hull et al. (19 7 4 ), 
Sorensen (1980) and Jansen (198 2). 
Aim of the literature study 
e. g. Saxe 
van Dijk 
et al. 
( 19 79) , 
Having briefly reviewed the three most frequently used 
experimental animals in periodontology, it seems justified 
to conclude that dogs are the most suitable experimental 
animals for experiments in which oral hygiene is to be 
applied. It is the aim of this chapter to provide more 
insight in the use and specific application of dogs in 
periodontology. An overview will be presented about the use 
of dogs, particularly beagle dogs, in periodontal research 
during the las t  2 0  years as described in scientific 
literature. 
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Mate rial and methods 
Three journ als in  periodontology , coveri n g  almost a ll 
intern at ional 
period of the 




years ( 19 6 5  
were explored over the 




of Periodontology , 
(publ ished 
A . A . P . ) .  
by the American 
In 19 6 5 , the f irst 
3 6th volume was year of our twenty year period , the 
publ ished . Th is j ourn al , also function i n g  as commun ication 
between members , is distr ibuted amon gst all members of 
A. A. P . , 
outs ide 
10 , 000 
ma inly in the U . S . A .  It is also commonly rea d  
the U . S . A .  The author rates a circulat ion of about 
the cop ies . Because of its re lat ion to A. A. P. 
scientific content is more influenced by developments i n  
Northern America compared to both other j ournals . St ill ma n y  
researchers 
to publ ish 
from 
the 
other pa rts of the 
results of their 
world use th is j ourn al 
research . Scientific 
publ icat ions in th is journal are ma inly characteri zed by 
cl in ical research , rev iew art icles and case presentations . 
Presentat ion of bas ic research is less frequently found . 
Journal of Periodontal Research (publ ished by Munksgaard , 
Copenhagen ; first volume in 1 9 6 6 ) . T h is j ourn al is not 
related to a specific association . This j ournal is read and 
provided w ith publ ications by researchers not strictly 
confined to a specif ic reg ion of the world . The publ ications 
are ch aracterized by basic research and laboratory 
experiments . Cl in ical presentations are almost absent .  
Because of the specif ic content ,  not suitable for all 
periodont ists , and the lack of relation to associations th is 
j ournal is circulating in  only about 600 cop ies .  
Journal of Clin ical Periodontology (publ ished by 
Munksga ard , Copen h a gen ; first volume in 1 9 7 4 ) .  This j ourn a l  
w a s  founded b y  the British , Dutch , French , German ,  
Sca n d i n a v i a n  and Swiss Societies of Periodontology . I n  
recent years other societ ies , ma inly Europea n ,  followed . The 
j ourn al is distributed amon gst members of all these 
societ ies . Bes ides , th is j ournal is increas in gly read i n  
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other parts of the world. The Jou rna 1 of Clinical 
Periodontology is, especially in the first years, strongly 
influenced by developments in the north-western part of 
and more studies from other Europe . Recently, however, more 
countries are also published. The scientific content 
but case consists of clinical as well as basic research, 
presentations and review articles can also be 




u s e d : Beagl e s  
publications in these three journals, 
were selected to the type of dog that was 
or non-Beagles, 
on the most 
Every publ ication was 
being subsequently screened important topics, 
for instance material and methods, experimental conditions, 
scientific fields of interest etcetera. By arranging the 
data to type of dog, year of publication, j ournal of 
publication and presence of specif ic topics, results can be 
presented about: 
- the use of dogs (Beagles and non-Beagles) during the 
2 0-year period (Table 1, Fig. 1). 
- the topics that were most frequently subject of 
investigation (Table 2). 
the frequency of oral hygiene applied in literature during 
the 2 0-year period (Table 3). 
- the ratio Beagle-non -Beagle for the specific topics (Table 
4). 
- the incidence of the specific topics (Table 5). 
- the incidence of topics related to specific journals 
(Table 6). 
Res ults 
In the three journals for the period 196 5  through 1984 a 
total of 275 papers, in which dogs were used, 
A complete list of these publications is 
Appendix A. 
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were analyz ed. 
presented in 
Type of dogs used during the period 19 6 5  through 1984 
Table shows the distributon of the papers with regard 
to j ournal, year of publication and type of dog used. About 
6 0 %  of all papers ( 16 0  out of 2 7 5 ) was dealing with Beagles. 
Compared to the amount of issues the Journal of Periodontal 
Research contained the highest amount of pub lications with 
dogs. In this journal more than 5 0 %  of the total amount of 
papers dealing with dogs was published. The percentage of 
studies with Beag les in relation to the tota l amount of dog 
studies in this j ournal was higher than the mean i. e. 65. 4 %  
(10 0 out of 153 ) .  The latter phenomenon can also be found in 
the Journal of 
ively Beagles 
Clinical Periodonto logy where almost exclus­
were used in dog -studies ( 89. 7 % ) .  In the 
Journal of Periodontology the amount of studies with Beagles 
was less than the amount of studies with other dogs, only 
36. 6 %. 
Fig. is a graphic representation of the publications 
using dogs during the period 196 5 through 1 984. The yearly 
amount of dog studies is gradually increasing with time . The 
fraction of papers using Beagles is also increasing with 
time, absolutely but also relatively in relation to the 
studies not using Beagles. From 1973 onwards the amount of 
studies with Beagles is higher than the amount of studies 
using other dogs. During the last five years almost 
exclusively Beagles were used. 
Incidence of topics of research 
After screening all papers on important topics of 
research those being present most frequently were selected. 
The topics most frequently scored are listed in Table 2. The 
topics are arranged in order of decreasing number of 
publications in which these topics were found. The 
percentage in relation to the total amount of papers ( 275 ) 
is also indicated. It should be stressed that a certain 
publication may be scored for more than one topic of 
research. This explains a certain overlap between the 
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Table Papers using dogs during the period 1965 through 1984 . 










1965 1966 1967 1968 1969 1970 1971 1972 1973 1�4 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 year or 
First volume First volume publication 
Journal ol Periodontal Resea,ch Journal of Clinical Penodontology 
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Fig. 1 Papers describing experiments in which dogs were used 
during the period 1965 through 1984. For every year the amount of 
dog-studies is given, with a specificiation to type of dog used 
(Beagles or non-Beagles). 
Topics of Research Number % 
All papers 275 1 00 
Histology (including (S).E.M.) 197 71.6 
Oral Hygiene 96 34.9 Frequency 
Soft diet 96 34.9 
Healing 92 33.5 
Experimental Periodontitis 68 24.7 Exp. Periodontal Breakdown 
Experimental Gingivitis 61 22.1 
Testing Applying a kind 57 20.7 of therapy 
Periodontal Vascularisation 32 15.3 
lmmununology 32 15.3 
Bacteriology 27 9.8 
Drugs (mainly antibiotics) 19 6.9 
Citric Acid 1 6  5.8 
Chlorhexidine 12  4.4 
Table 2 Topics of research as being present in papers using 
dogs during the period 1965 through 1984 .  The topics are 
arranged in order to decreasing number of papers in which these 
topics were found. In the column indicated with "%" the 
percentage in relation to the total amount of papers is 
indicated. 
several topics in Table 2. Some topics are not found in this 
table because they were scored less than 10 times. Such 
topics are for instance trauma from occlusion and width of 
attached gingiva. The topics from Table 2 will be discussed 
briefly. 
Histology 
First of all it can be seen that in a great majority of 
the publications (71. 6 %) the dogs were used to get 
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histological 
surprisingly 
information from sacrifice or 
as this kind of information can 
biopsies, not 
almost only be 
acquired from experimental animals. In fact it is the main 
reason to perform animal studies. 
oral hygiene frequency 
In one third of all publications (34 . 9 % )  oral hygiene was 
applied in different frequencies in order to influence the 
state of periodontal health. A survey of these publications, 
with information of the applied frequencies of plaque 
removal, is given in Table 3. It appears that brushing 7 
times a week occurred most frequently. 
Soft diet 
In one third of the publications (34 .9 %) a soft, plaque 
promoting diet was described as part of the establishment of 
an experimental pathological condition of the periodontal 
tissues. 
Healing 
Another third of all publications (33.5%) was dealing 
with topics in relation to healing, a subject that can only 
be studied when histological material is available. 
Experimental periodontitis and experimental gingivitis 
The creation of experimental periodontitis (24.7 % )  and 
experimental gingivitis (2 2.1 %) was also frequently 
performed in dogs. There will of course be a certain overlap 
between the papers belonging to the two categories of 
experimental conditions, but it can safely be stated that in 
more than one third of all publications an experimental 
pathological periodontal situation was described. 
Other topics scoring le�s frequently are publications in 
which: 
- a kind of therapy was applied or tested (2 0.7%) 
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Oral hygiene frequency 
14x/week 





Bratthall, Magnusson & Lindhe 
Dahl�n, Heijl , Lindhe & MOller 
Ericsson & Lindhe 
Ericsson & Lindhe 
Ericsson & Lindhe 
Ericsson, Thilander, Lindhe & 
Okamoto 
Hamp & Emilson 
Hamp, Lindhe & LOe 
Hamp , Rosling & Lindhe 
Heijl & Lindhe 
Heijl & Lindhe 
Kahnberg, Lindhe & Attstrom 
Kahnberg, Lindhe & AttstrOm 
Kahnberg, Morgan & Lindhe 
Lindhe & Ericsson 
Lindhe & Ericsson 
Lindhe, Hamp & Loe 
Lindhe, Hamp & LOe 
Lucas, Fuj ita & Bremner 
Rylander, Lindhe & Ahlstedt 
Vieira, O ' Leary & Kafrawy 
Wennstrom, Heijl, Lindhe & 
Socransky 
Armitage, Svanberg & Loe 
Beaumont , O 'Leary & Kafrawy 
Berquist 
Berquist 
Berquist & Nuki 
Bogle, Rathbun, Oliver, 
Hornbuckle & Egelberg 
Chambers, Crawford, Mukherjee & 
Cohen 
van Dijk & Wright 
Goldman, Smukler, Lugo-Romeu, 
Swart & Bloom 
Heijl & Lindhe 
Hock 
Hugoson & Schmidt 
Karring, Nyman, Thilander & 
Magnusson 
Kraal & Bowles 
Kraal, Chancellor, Bridges, 
Benus & Hawke 
Lang, Morrison, Loe & Ramfjord 
Lindhe, Parodi ,  Liljenberg & 
Fornell 
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Total 40 publications 
3-4 x/week 






Total 15 publications 
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Matsson & Attstrom 
Matsson, Klinge, Willard, 
Attstr5m & Edwardsson 
Matsson, Theilade & Attstrom 
Morisson, Lang, LcSe, Ule & 
Ramfjord 
Mukherjee, Das & Patel 
Neuman, Kenney & Traurig 
Nuki, Hock, Schlenker & Hosain 
Nyman, Schroeder & Lindhe 
Page, Narayanan, Lindhe & 
Clagett 
Soames & Davies 
Soames & Davies 
Soames & Davies 
Soderholm & Egelberg 
Syed, Morrison & Lang 
van der Velden & Jansen 
Wennstrom & Lindhe 
Wennstrom & Lindhe 
Wennstrom, Lindhe & Nyman 
Wennstrom, Lindhe & Nyman 
Willard, Edwardsson, Attstr5m & 
Matsson 
Yanagimura, Hara & Nohara 
Yoshie, Yamazaki, Sawada, 























Aukhill, Simpson & Schaberg 19B3 
Lindhe, Attstr5m & Bjorn 196B 
Attstrom, Graf-de Beer & 
Schroeder 
Bogle, Garrett, Crigger & 
Egelberg 
Egelberg & Attstrom 
Kornman, Siegrist, Soskolne & 
Nuki 
Matsson & Attstrom 
Matsson & Attstrom 
Matsson, Attstrom & Granath 
Matsson, Theilade & Attstrom 










Nyman, Lindhe & Ericsson 1978 
Nyman & Karring 1979 
Rylander, Attstrom, Lindhe & 
Nobr�us 197B 
Schroeder, Graf-de Beer & 
AttstrOm 
Soskolne, Nuki, Raisz & Alander 





Total. 2 publications 
2x/week 
* 
Total 14  publications 
lx/week 
Total 1 publication 
Not specified 
Total 2 publications 
Table 3 Surveys of 
1965 through 1984 
distribution is made 
of the symbols : 
Hugoson 1970 
Soderholm & Attstrom 1977 
Attstrom 1970 
Attstrom 1971  
Attstrom & Egelberg 1970 
Attstrom & Egelberg 1 97 1  
Attstrom & Larsson 1 974 
Egelberg 1 966 (a )  
Egelberg 1966 (b) 
Egelberg 1 966 (c) 
Egelberg 1966 (e) 
Egelberg 1967 
Nobreus & Attstrom 1 974 
Nobreus, Attstrom & Egelberg 1974 
Theilade, Egelberg & Attstrom 197 1  
Tynelius-Bratthall 1 972 
El Attar & Hugoson 1974 
Mikx, Hug & Maltha 1 984 
Rifkin & Tai 1 9 8 1  
publications using dogs during the period 
in which oral hygiene is applied. A 
to frequency of plaque removal. Explanation 
* publication using beagles as well as non-beagles. In 
processing the data these papers are calculated double. 
**publication applying two different frequencies of plaque 
removal. A comparison of the effect of the different 
frequencies is , however, not done. 
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- the anatomy or function of periodontal vascularisation was 
studied ( 1 5. 3% ) ; 
- immunological aspects were concerned (15.3%) 
- bacteriologica 1 aspects were studied ( 9 .  8 % ) ; 
- drugs were applied ( 6 . 9 % ) . These drugs were mainly anti-
biotics as tetracycline or metronidaz ole ; 
- citric acid or comparable acid etching liquids were 
applied to demineralize the root surface ( 5 . 8 % ) ; 
- the influence of chlorhexid ine was studied (4. 4 %) 
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Topics of Research BIT Number %B-T 
B 1 60 
All papers 58.2 T 275 
Histology (including (S).E.M.) B 106 53.8 
T 197 
Oral Hygiene B 74 
Frequency T 96 
7Z1 
B 79 
Soft diet 82.3 T 96 
B 46 
50.0 Healing T 92 
Experimental Periodontitis B 54 79.5 
Exp. Periodontal Breakdown T 68 
B 45 
73.8 Experimental Gingivitis T 61 
Testing Applying a kind B 24 42.1 
of therapy T 57 
B 5 
1 5.6 Periodontal Vascularisation T 32 
B 24 
75.0 lmmununology T 32 
B 23 
85.2 Bacteriology T 27 
B 18 
94.7 Drugs (mainly antibiotics) T 1 9  
B 9 
Citric Acid 56.3 T 1 6  
B 7 
Chlorhexidine 58.3 T 1 2  
Table 4 Survey of topics of research, present in papers using 
dogs. For every topic of research a distribution is made to the 
amount of Beagles used (B) and to the total amount of dogs used 
(T). In the column indicated with "%  B-T" the percentage Beagle 
papers in relation to the total amount of papers is presented. 






It is also interesting to know in which 
papers only Beagles were used. Table 4 
different topics the absolute scores with 
publications ( B) and to the total amount 
(T). Finally for every topic separately 
regard to beagle 
of publications 
the percentage 
beagle papers in relation to the total amount of papers is 
calculated and presented in the column indicated with: % 
B -T .  As can be seen 58 . 2 % of all dog -a rticles were using 
Beagles as experimental animal .  The highest ratio 
beagles-total amount of dogs ( %  B-T) was scored for the 
papers using drugs ( 94 . 7 %). This means that in almost all 
dog studies in which drugs were applied Beagles were used. 
Other topics using a relative high proportion of beagle dogs 
were bacteriology ( 8 5. 2 %) ,  soft diet ( 8 2 . 3 %), experimental 
periodontitis/ experimental periodontal breakdown (79. 5 % ) ,  
o ral hygiene frequency (77. 1%) , immunology ( 7 5. 0 %) and 
experimental gingivitis ( 73. 8 %). 
Incidence of topics of resea rch over the years 
Table 5 gives an over view of the different topics and the 
use of beagle dogs during four sequentia l periods of five 
years . 
The general tendency is an increase in the use of dogs 
over time. This increase in use is for Beagles even more 
obvious : in the first decade less Beagles are used , whilst 
in the period 1975-198 4 constantly more Beagles are 
compa red to non-Beagles. A comparable trend was found 




hygiene f requency , soft diet , experimental periodontitis/ex ­
perimental periodontal breakdown , experimental gingivitis 
even during the last fifteen yea rs more Beagles compa red to 
non- Beagles were used. For the topic immunology during the 
whole period of twenty years more Beagles compared to non 
Beagles were used. 
In contrast to the general trend some topics were not 
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I 1 965-69 1 970-74 1 975-79 1 980-84 Total 
Topics of Research BIT % % % % 
All papers B 5 3.2 30 1 8.8 44 27.5 81 50.6 1 60 
T 45 1 6.4 66 24.0 70 25.5 94 34.2 275 
Histology (including (S).E.M.) B 2 1 .9 1 8  1 7.0 34 32.1 52 49.1 1 06 
T 33 1 6.8 48 24.4 55 27.9 61 31 .0 1 97 
Oral Hygiene B 0 0 1 3  1 7.6 31 41 .9 30 40.5 74 
Frequency T 6 6.3 21 21 .9 34 35.4 35 36.5 96 
Soft diet B 1 1 .3 21 26.6 20 25.3 37 46.8 79 
T 5 5.2 26 27.1 24 25.0 41 42.7 96 
Healing B 2 4.3 2 4.3 1 1  23.9 31 67.4 46 
T 22 23.9 1 2  1 3.0 22 23.9 36 39.1 92 
Experimental Periodontitis B 1 1 .9 3 5.6 9 1 6.7 41 76.0 54 
Exp. Periodontal Breakdown T 5 7.4 6 8.8 1 .3 1 9.1 44 64.7 68 
Experimental Gingivitis B 1 2.2 1 7  37.8 1 4  31 .1 1 3  28.9 45 
T 9 1 4.8 21 34.4 1 6  26.2 1 5  24.6 61 
Testing Applying a kind B 2 8.3 1 4.2 3 1 2.5 1 8  75.0 24 
of therapy T 20 35.1 9 1 5.8 7 1 2.3 21 36.8 57 
Periodontal Vascularisation B 0 0 3 60.0 0 0 2 40.0 5 
T 1 3  40.6 1 1  34.4 5 1 5.6 3 9.4 32 
lmmununology B 1 4.2 1 1  45.8 8 33.3 4 16.7 24 
T 2 6.3 1 5  46.9 1 0  31 .3 5 1 5.6 32 
Bacteriology B 0 0 2 8.7 5 21 .7 1 6  69.6 23 
T 0 0 4 1 4.8 7 25.9 1 6  59.3 27 
Drugs (mainly antibiotics) B 0 0 0 0 4 22.2 1 4  77.8 1 8  
T 0 0 0 0 5 26.3 1 4  73.7 1 9  
Citric Acid B 0 0 0 0 0 0 9 100 9 
T 0 0 1 6.3 3 1 8.8 1 2  75.0 16  
Chlorhexidine B 0 0 4 57.1 1 1 4.3 2 28.8 7 
T 0 0 8 66.7 2 1 6.7 2 1 6.7 1 2  
Table 5 Occurrence of research topics during four sequentia l 
periods of five years . For every topic of research a d istribu­
tion is made to the amount of Beagles used (B)  and to the total 
amount of dogs used (T) . In the columns indicated with " % "  the 
percentage in relation to the total for every topic is given . 
s c o r ed m o r e  f r e q u e n t ly o v e r  t im e . P e r i od o n t a l  v a s c u l a r -
i s a t io n  was a popu l a r  top i c  d u r i n g  t h e  f i r s t  d e c a d e , 
c h l o rh e x id in e  w a s  in d o g s  a f requ e n t l y  s c o r e d  t o p i c  d u r in g  
t h e  pe r i o d  1 9 7 0 - 1 9 7 4 , a n d  immu n o l o gy wa s s c o r e d  m o s t  
f re q u e n t ly i n  t h e  s e v e n t i e s . S o m e  t o p i c s  w e r e e v e n  i n  t h e  
f i rs t  y e a r s  o f  t h e  t w e n t y  y e a r s  p e r i o d s  n o t  a t  a l l  p r e s e n t  
in o u r  l i t e ra t u re . B a c t e r i o l o gy , d ru gs a n d  c i t r i c  a c id a re 
r e c e n t  s ub j e c t s  o f  i n t e re s t . 
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Journal of Journal ol Journal ol 
Per odon1otogy Perk>dontal Research Qlf\. Per1od0f'\totogy Total 
Topic of Research BIT "' %BIT %T %BIT %T %BIT 
B 34 21.3 100 62.5 26 16.3 160 
All papers 36.6 65.4 89.7 -
T 93 33.8 153 55.6 29 10.5 275 
Histology (including (S) 
B 27 25.5 57 53.8 22 20.8 106 
35.5 59.4 88.0 -E.M.) T 76 38.6 96 48.7 25 12.7 197 
Oral Hygiene B 1 1  1 4.9 45 60.8 1 8  24.3 74 91 .7 69.2 94.7 -Frequency T 1 2  1 2.5 65 67.7 19  19.8 96 
B 1 7  21.5 44 55.7 18  22.8 79 
Sott diet 85.0 77.2 94.7 -
20 20.8 57 59.4 1 9  19.8 96 
B 1 0  21 .7 27 58.7 9 19.6 46 
Healing 20.4 81.8 90.0 -
49 53.3 33 35.9 1 0  10.9 92 
Exp. Periodontitis B 1 7  31.5 22 40.7 1 5  27.8 54 65.4 84.6 93.8 t--Exp. Per. Breakdown T 26 38.2 26 38.2 1 6  23.5 68 
B 3 6.7 35 77.8 7 15.6 45 
Experimental Gingivitis 1 00 68.6 100 >---
T 3 4.9 51 83.6 7 1 1 .5 61 
Testing Applying a kind B 6 25.0 13  54.2 5 20.8 24 1 7.1 76.5 100 -of therapy T 35 61.4 17 29.8 5 8.8 57 
B 0 0 4 80.0 1 20.0 5 
Per. Vascularisation 0 21.1  33.3 >---
T 10 31 .3 19  59.4 3 9.4 32 
B 0 0 24 100 0 0 24 
lmmununology 0 75.0 0 -
T 0 0 32 1 00 0 0 32 
B 5 21.7 14  60.9 4 1 7.4 23 
Bacteriology 83.3 82.4 100 >---
T 6 22.2 17 63.0 4 14.8 27 
B 3 1 6.7 1 1  61 .1  4 22.2 18  
Drugs (mainly antibiotics) 100 91.7 100 >---
T 3 15.8 1 2  63.2 4 21.1 19  
B 1 1 1.1  8 88.8 0 0 9 
Citric Acid 25.0 66.7 0 -
T 4 25.0 1 2  75.0 0 0 16 
B 0 0 6 85.7 1 1 4.3 7 
Chlorhexidine 0 54.5 100 >---
T 0 0 1 1  91.7 1 83 1 2  
Table 6 Incidence of topics of research in relation to journal. 
For every topic of research a distribution is made to the amount 
of Beagles used (BJ and to the total amount of dogs used (TJ. 
The columns indicated with "%T" show the percentage of publica­
tions in relation to the total amount of publications. The col­
umns indicated with "% B/T" indicate the percentage of papers 
using Beagles in relation to the total amount of papers using 
dogs. 
















Table 6 presents detailed information about the occur­
rence of the topics in the three journals. 
Not discriminating to subject of interest, the great 
amount of papers publishe d  in the Journal of Periodontal 
Research is obvious. More then 50 % of the publications using 
dogs (153 out of 275 )  were found in this journal. The least 
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amount of dog-articles (about 1 0 %) was published in the 
Journal of Clinical Periodontology. One should, however, 
take into consideration that this journal only started in 
1 974, with moreover less issues published yearly. In the 
Journal of Periodontology, being represented during the full 
period of twenty years and publishing the greatest amount of 
issues per yearly volume, only 33. 8 %  of the dog-papers were 
found . 
In the Journal of Periodontology relatively few papers 
describing beagle studies were published compared to both 
other journals. The Journal of Clinical Periodontology was 
containing beagle studies in the highest frequency: 89. 7 %  of 
all dog-studies published in this journal was describing 
experiments with Beagles. 
Some topics were more frequently found in a specific 
journal. More than half of the publications on healing and 
testing/applying a kind of therapy were found in the Journal 
of Periodontology . In the Journal of Per iodontal Research 
the topics oral hygiene frequency, experimental gingivitis, 
citric acid and chlorhexidine were scored in higher 
frequencies . The topic immunology was even "a monopoly" for 
this journal. Specific topics for the Journal of Clinical 
Periodontology were oral hygiene frequency, soft diet, ex­
perimental periodontitis/experimental periodontal breakdown 
and drugs. The Journal of Clinical Periodontology was 
describing beagle studies most frequently as exp ressed in 
percentage of the total amount of dog studies per journal: 
89. 7 %  of all dog-papers in this journal was using Beagles. 
Specified for every topic this percentage was almost always 
90- 1 0 0 % .  High scorings for the use of beagles were also 
found in the Journal of Periodontal Research, where in 
relation to the already high general mean (65. 4 %) higher 
scores were found for the topics healing, experimental 
periodontitis/experimental periodontal breakdown, beacteri­
ology and drugs. 
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D i s c us s i on and  concl u d i n g  rema rks 
In this chapter data 
beagle dogs in relation 
were presented about the use of 
to other dogs as collected from 
publications in the three most important periodontal 
journals during the period 19 6 5  through 1984. By using the 
three journals, namely the Journal of Periodontology , the 
Journal of Periodontal Research and the Journal of Clinical 
Periodontology, not all periodontal research was covered. It 
may , however , be assumed that almost all international 
periodontal research will ultimately be published in one of 
these journals. Abstracts in for instance the Journal of 
Dental Research or papers in the Scandinavian Journal of 
Dental Research will usually be followed by publication in 
the journals that were screened . 
Publication of a specific paper in a 
dependent from several reasons. First 
specific journal is 
of all the general 
character of a journal is important. This may explain why in 
the Journal of Periodontology, being a more clinically and 
less basically orientated journal, relatively less papers 
using dogs are published. Another influencing factor in the 
results is the relation of a certain research group to a 
specific journal. It is for instance clear that the Journal 
of Clinical Periodontology, especially in its first years, 
was influenced by the Gothenburg group of Lindhe and 
co-workers. The fact that in the Journal of Clinical 
Periodontology relatively more Beagles were found may be 
explained by the fact that this journal is relatively young. 
As was already shown in Fig. 1 during the last 10 years, the 
period in which the Journal of Clinical Periodontology was 
published, Beag les were the most popular experimental dog 
and almost only Beagles were used . The opposite may be true 
for the Journal of Periodontology with a high amount of 
issues in the first years of the twenty year period during 
which Beagles were not yet very frequently used. Finally the 
presence of a specific topic may be dependent on more local 
factors. For instance the absence of scoring of chlor­
hexidine in the Journal of Periodontology may perhaps be 
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contributed to the problems to get chlorhexidine introduced 
and approved in the United States of America. 
Analysis of the data collected show very clearly that 
beagle dogs were very frequently and increasingly u s ed 
during the last 20 years (Table 1, Fig. 1). Analysis of the 
papers to important s ubjects of interest, revealed that 
topics for which dogs were u sed most frequently (i. e. in 
more than 2 0 %  of the amount of papers) are histology, oral 
hygiene frequency, soft diet, healing, experimental perio­
dontitis/experimental periodontal breakdown and experimental 
gingivitis (Table 2). From papers with the topics oral 
hygiene frequency, soft diet , experimental periodontitis/ex­
perimental periodontal breakdown and experimental gingivitis 
more than 7 5 %  used Beagles (Table 4). In addition for these 
same topics more Beagles than non-Beagles during were u sed 
the last 1 5  years (Table 5), whilst thes e  topics were also 
mainly scored in the Journal of Periodontal Research and 
Jou rnal of Clinical Periodontology, j ournals describing in 
general more Beagles compared to non-Beagles (Table 6). It 
should be stressed that these most frequently scored topics 
in beagle studies during the last 1 5  years are all covering 
the four experimental bas eline situations created in the 
series of four pres ent described experiments. In Table 3 an 
about the different frequencies of 
applied in periodontal research in 
that a lot of different frequencies 

















dog- studies were published comparing different 
of oral hygiene in different experimental 
Therefore the papers publis hed hereafter , 
experimental gingivitis, healthy gingiva, and 
artificial periodontal breakdown in relation to different 
frequencies of oral hygiene, are relevant for all those 
using Beagles in experiments in which experimental perio­
dontal conditions are created. 
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CHAPTER 4 
SOME METHODOLOG ICAL ASPECTS 
Pocket probing depths and the development of a simple 
constant-force periodontal probe 
Int roduction 
Breakdown of alveolar bone and connective tissue fibres, 
resulting in the formation of a periodontal pocket, is one 
of the most important features of periodontal disease. To 
measure the depth of a periodontal pocket periodontal probes 
are the most widely used diagnostic instruments. The most 
serious deficiency in applying a periodontal probe to 
measure the depth of a pocket is the inaccuracy which arises 
from the multiple uncontrolled variables associated with the 
measurement. Most probes are calibrated at one millimeter or 
two millimeter intervals. Furthermore one must be aware of 
errors associated with parallax in reading, the possibility 
of mechanical errors due to subgingival obstructions, 
variability in the force of probing and differences in 
condition of the tissues at the deepest part of the pocket. 
In the past many studies have been published dealing with 
the question where the tip of a periodontal probe will be 
located in healthy and diseased periodontal conditions. 
Listgarten et al. ( 19 7 6) carried out a histological study of 
extracted teeth with varying degrees of periodontal tissue 
breakdown. By means of reference grooves made prior to 
extraction of the teeth they concluded that the probe tip, 
on the average, reached 0. 3 millimeter into the most coronal 
remnants of the connective tissue fibres. Sivertson & 
B urgett ( 1976) , on the basis of a study of 116 anterior 
teeth and premolars with varying degrees of periodontal 
disease, also concluded that the probe tip reached the most 
coronal connective tissue fibers retained on the tooth. In 
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between the several studies a relationship was found 
accuracy of probing depth and gingival health 
al. 1 977, Robin s on & Vitek 1 979, Spray et al . 
Velden 1 980 and Hancock & Wirthlin 1 981). I n  our 
(Armitage et 
1 978, van der 
laboratory 
this relation was investigated in the beagle dog model in 
three different experimental conditions (Jan sen et a 1 .  
1 98 1 ). These condition s were clin ically and histologically 
characterized as experimental mild gingivitis and 
experimental severe and moderate periodontal inflammation, 
very similar to the experimental periodontal condition s in 
the present study . Histometrical analysis showed that in 
mild gingivitis the probe tip failed to reach the apical 
termination of the junctional epithelium ( x  = - 0 . 84 mm) . In 
severe periodontal 
pas t  this point 
inflammation the tip 
mm) , 
of the probe went 
while in moderate e x  + 0. 50 
periodontal inflammation the probe tip came closest to the 
apical termination of the j unctional epithelium ( x  
mm) . 
but 
The probes in that study were in serted with 
unknown force. Robin s on & Vitek ( 1 979) 
standardized forces of 0 . 2 0, 0 . 2 5  and o. 30 
- 0 . 0 5 
a gentle 
applied 
N to a 
periodontal probe in order to measure the probing depth of 
sulci on human teeth scheduled for extraction .  They reported 
a s traight line correlation between Gingival I ndex scores 
and tis s ue penetration 
0. 30 N the probe tip 
by the probe. At a probing force of 
stopped 0. 3 millimeter short of the 
most coronal connective tissue fibres in teeth with a GI 
score of 0. By contras t  on teeth with a GI score of 3 the 
probe tip penetrated 1 .  2 5  millimeters apical to the most 
coronal connective tis s ue fibres. 
S tudies of van der Velden ( 1980) and van der Velden & 
Jan s en ( 1981) showed that the degree of inflammation of the 
gingival margin influences the probing depth only if small 
probing forces are used . It was als o  found that using a 
probing force of 0 . 75 N with a probe tip of 0 . 6 3  millimeter 
in diameter, the tip of the probe was located at the most 
coronal connective tis sue fibres in deep pockets with overt 
gin givitis as well as in deep pockets with minimal 
inflammation (van der Velden, 1 979, 1980) . It was concluded 
56 
Fig. 1 The simple constant-force probe. 
that the optimal force level leading to a reliable 
assessment of prob ing depth is about 0. 7 5  N with a probe t i p  
o f  0 . 6 3 millimeter i n  diameter, or i n  other words , the 
optimal prob ing pressure is approx imately 2 40 N/cm
2 • 
The de velopment of a simple constant - force periodontal p robe 






th is per iodontal 
periodontal probe 
probe (Fig . 1 )  
was 
a 
constant-force stainless steel spring was used for reasons 
of strength, simplicity, cost and poss ibility of 
ster ilization. S ince the stat ic friction in a rotating 
system can be kept much lower than in an extrusion/ intrus ion 
system, th is spring was used in a rotating system. In such a 
system a constant-force spr ing is wound on two cylinders in 
reverse-winding mode. One cylinder is mounted concentr ically 
w i th the hinge and fixed to the prob ing tip. The other 
cylinder is mounted in a s imilar bearing attached to the 
handle . This resu lts in the appl ication of an angle 
independent torque to the probe tip. At a certa in distance 
from hinge to the probe tip it results in a constant force. 
The used probe !1.£ was part of a mod if ied Will iams probe 
(Hu - Fr iedy). 
* A simple constant-force pocket probe, Borsboom, P.C. F.,  ten Bosch, 
J. J., Corba, N .H.C. & Tromp, J.A.H., Journal of Periodontology ��: 
390-39 1 ,  1981 . 
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An experiment was carried out to test the reproducibility 
of this constantforce periodontal probe (PCF). The probing 
depths found with the PCF were compared with probing depths 
found with a modified Williams probe (PMW) . Pockets in 
selected areas and with varying depths were meas ured by four 
dentists. Each pocket was measured in eight weekly sessions, 
each session by one dentist with a PCF probe and by another 
dentist with a PMW probe. The sequence of the dentists and 
of the probes were assigned at random. Pocket probing depths 
were estimated to the nearest full millimeter. Dentists and 
patients were permitted to see the results only after all 
the measurements were carried out . The statistical analysis 
by means of an analysis of variance s howed an average 
variance of 0 . 6 0 mm 2 for the PMW probe and an average 
variance of 0. 3 1  mm
2 
for the PCF probe. This average 
variance 
variation 
is in fact composed by error of measurement, 
between dentists and variation over time. 
Comparison of these variances by means of an F-test ( u1 
3 6 ,  u2 
3 6 ) resulted in a F-value of 1 . 9 1  - 0 . 0 2 5 <  P < 
0 . 0 5 . This means that the PCF probe revealed a significant 
smaller deviation when meas uring periodontal pockets. To 
reach the desired probing pre s s u re of 240 N/cm 2 (see before) 
a spring with a force of 0 . 50 N ( 50 gF) was needed since the 
cros s -section of the tip of the constant-force probe was 
different from the probe tip in the study of van der Velden 
( 1 9 7 9 ) , 0 . 5  millimeter against 0. 63 millimeter. 
The use of the constant force probe in view of the above 
mentioned microscopic findings with respect to the influence 
of the periodontal conditions on pocket probing, permits to 
conclude that the presented data for pocket depths in all 
four experimental situations 
studies are accurate . 
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in the present series of 
Problems around analysis of data 
In t rod u c t i on 
In most of the experiments in animal 
multiple registrations are made on the 
model systems 
prevalence and 
severity of the disease in order to compare the results with 
those of a control g roup or with earlier registrations. Both 
to the research worker as well as to the clinician the 
interpretation of data derived from such investigations is 
of great concern. 
An important item to discuss is the 
i. e. the unit of registration to be used 
experimental unit 
in the statistical 
analysis of the results. The fi rst choice is to have the dog 
as the experimental unit 
But one might also 
(having one registration per dog) . 
consider the jaw (having two 
registrations per dog as experimental unit) . The next choice 
is the tooth or several registrations per tooth to be used 
as sepa rate units in the statistical analysis, thus easily 
obtaining a high number of experimental units. For instance: 
In one dog in all four quadrants and in all fou r premolars 
assessing the probing depths at both the approximal 
surfaces, thus obtaining in one dog 4 x 4 x 2 32 
registrations at maximum . Many statistical methods assume 
that the registrations (for one va riable made at a specific 
time in a research project) are independent of each other. 
This assumption is based on random sampling, the theory is 
as follows: in any experiment, a random sample is drawn from 
the population of all possible dogs and of all possible 
areas of registration. This means that only chance 
determines which units of the population belong to the 
sample, or in other words belonging to the sample is 
independent on which other units are al ready in that sample . 
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Practical consequences of dependency will occur 
es pecially in the animal model. One of the reasons to prefer 
the animal model above clinical trials in patients is the 
to eliminate or at least control the many objective 
variables encountered in human material over a certain 
period of time. However that move towards homogeneity of the 
experimental group implies dependency of observations. 
During the last ten years a serie of experiments in the 
beagle dog model has been carried out in our laboratory at 
the University of Groningen The approach to encounter the 
potential problem of dependency of obs ervations has been to 
choose the dog as the experimental unit , although multiple 
registrations within one dog were always made. 
Van Dijk ( 1 9 7 9 )  presented the raw data as complete as 
pos s ible and compared the measurements of each unit (mesial 
or distal surfaces of three premolars at one side of the 
jaw) s eparately. A Paired Student t -tes t  was applied to 
compare units 
contralateral 
at the experimental side of the jaw with the 
split mouth 
approach. 
control side of 
A Two Sample Student 
the jaw in 
t-tes t  was applied in 
analysing corresponding units from different dogs. In some 
of his s tudies , Jansen & Pilot ( 1 9 8 1 )  pres ented the res ults 
for each s urface separately, using Student ' s  t-test for each 
surface, to avoid the potential problem of dependency of 
observations. In other studies from this author s tatistical 
analysis was ommitted at all for the s ame reason. 




1 9 8 0 ,  Pilot 
investigate this 
et al. 1 9 8 0  l .  
area further (Van Dijk et 
The theoretical lis t  of 
accepting or 
observations 
follows :  
rejecting 






can be made as 
For accepting independency arguments 
variations between registrations are: 
6 0  
differences in tooth morphology 
differences in tooth relations 
s tre s sing the 
d ifferent regions in the mouth: front oppos ite to mo lars 
d ifferent compos ition of bacter ia l p laque 
Rejecting independency of reg istrations must be done 
because influenc ing factors are a l l  the same for d ifferent 
areas : 
defense mechanism against disease 
wound hea l ing potent ial 
compos it ion of bacter ia l p laque 
treatment of one area may inf luence neighbour ing areas 
( loca l i zed actions less than comprehensive treatment ) .  
The arguments for rejecting independency seem to be more 
re levant, so the conc lusion shou ld be that registrations 
obta ined at different areas w ith in one exper imenta l an ima l 
shou ld not be used as separate exper imenta l un its. 
In cone lus ion, on the bas i s  of theory the experimenta l 
un it to be used in the stat ist ica l ana lys is shou ld be the 
anima l . 
A l i t e ra t u re s u rvey  on s ta t i s t i ca l  me thods  app l i e d  i n  b e a g l e  
d o g  s t ud i e s  
In conj unct ion with the survey of the l iterature, 
presented in Chapter 3 ,  1 5 3  art ic les describ ing beag le dog 
stud ies in the three leading per iodonta l journa ls were 
screened for the stat ist ica l methods app l ied. See for the 
comp lete l ist of l iterature Append ix A .  
In Tab le a survey is given about the k ind of data 
ana lys is of 1 5 3 art ic les of the last 2 0  years, in wh ich the 
beag le dog plays an important ro le. It can be seen that 1 0 5  
(68. 6 %) of the pub l icat ions were descr ibing stud ies of the 
comparative type, mean ing that these experiments involved 
compar isons and ana lyses of two or more research subjects 
performed in groups of random ly se lected indiv idua ls or i n  
s o  ca l led "sp l it mouth " procedures. The rema in ing ( 4 8 ; 
3 1 ,  4 % ) exper iments were of 




d iv ided into 
type. The 
8 3  ( 7 9 % )  
art ic les with stat ist ica l ana lys is ment ioned, wh i le i n  2 2  
6 1 
All articles 153 (100%) 
Comparative experiment 105 (68.6%) 
Statistical analysis (CES) 83 (79%) 
Experimental unit: 
Split mouth procedure (SM) 33 (39.7%) 
(ND) 67 (80.7%) 
(PD) 10(12%) 
Surface n not mentioned (S) 43 (51 .8%) 
(SN) 15 (18.1%) 
(T) 2 (2.4%) 
(TN) 3 (3.6%) 
(QN) 1 (1 .2%) 
(ON) 1 9 (22.9%) 
• Normal distribution 
• Parameterfree distribution 
No statistical method 
mentioned (NM) 1 1  (13.3%) 
Surface n mentioned 
Tooth n not mentioned 
Tooth n mentioned 
Quadrant :  n mentioned 
Dog n mentioned 
• in one article more than one statistical method can be used. 
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Table 1 Survey on data analysis o f  the literature of 1 5 3  
articles in which beagle dogs are used . See for the complete 
list of literature Appendix A .  
( 2 1 % )  of the studies no stat ist ical analysis was presented . 
A spl it mouth procedure was applied in 3 3  ( 3 9 . 7 % )  of the 
publ ications with a statistical analysis . Stat ist ical tests 
assuming a normal distribution of the data were used in 6 7  
( 80 , 7 % )  while i n  10  stud ies ( 1 2 . 0 % )  the tests were based on 
a parameterfree ( distribut ion free ) test . It should be 
noticed that , dependent of the kind of data , different tests 
can be ( and in fact sometimes were ) appl ied in one article . 
In 1 1  studies ( 1 3 . 3 % )  no specif ic stat ist ical method was 
ment ioned . In 4 3  publ icat ions ( 5 1 . 8 % )  the surface ( n  not 
ment ioned ) was the experimental (stat ist ical ) uni t ,  while in 
1 5  stud ies ( 1 8 . 1 % ) the n of the surfaces was ment ioned . The 
tooth (n not ment ioned ) was the experimental un it in two 
stud ies ( 2 . 4 % )  while in three experiments ( 3 . 6 % )  the n of 
the teeth was mentioned . In one article ( 1 .  2 % )  the quadrant 
was mentioned as experimental unit . The dog as experimental 
un it (n ment ioned ) was used in 1 9  publ ications ( 2 2 . 9% ) . 
In only 2 2 . 9% of the art icles the dog was cons idered as 
the experimental unit . In all the other publ icat ions 
surfaces , teeth or quadrants were used as experimental 
units . This impl ies that the authors of these articles 
assume independency of measurements w ithin one dog although 
it was never expl icitely stated in the text .  In fact the 
whole (potential ) problem is ignored in the l iterature and 
we persist in our conclusion as formulated above : The dog 
should be the experimental un it . 
The applied method of st atistic a l  analysis 
Analys is of cl inical r egistrations 
Methods of analysis of variance were employed . An 
analysis was choosen in which not the absolute scores at the 
experimental side for every tooth surface were compared with 
the same surfaces at the control side , but the d ifference 
was calculated between the experimental s ide and the control 
side of the j aw at the end of the experiment . This 
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difference was in addition corrected for the situation at 
baseline which may already be different for experimental and 
control sides at the beginning. This results in a 
" therapeutic" effect per dog. This therapeutic effect is 















denotes the last measurement made on the 
experimental side of the mouth, s (E
start
) denotes the score 





) denote observations made at the same position 
on the control side of the mouth. For each dog the mean 
brush ing effect was calculated for the interproximal 
surfaces. Comparisons between the brushing effects were made 
by Student ' s  t-test for two independent samples. Presented 
critical levels of significance are those of one-tailed 
randomization tests (Edginton 1980) . The nominal level of 
significance was set at 0. 05. In Chapter 7 also an analysis 
was performed based on absolute scores at week 2 4. 
Analysis of histological registrations 
For hypothesis testing methods of analysis of variance 
were employed. A histological brushing effect was calculated 
for each dog. Since there were no histological data present 
from the baseline situation a correction could not be 
carried out. The histological brushing effect (H.B. E.) was 
c·a lcu lated as 
denotes 








) ,  
week 2 4  
where 
on the 
experimental side of the mouth and s (c
2 4
) denotes the 
measurement made at week 2 4  on the same position on the 
















infiltrated connective tissue (I.C.T. ) .  All comparisons were 
accomplished by Student ' s  t-test for two independent 
samples. Presented critical levels of significance are those 
of one-tailed randomization tests (Edgin ton 1980) i the 
nominal level of significance was set at 0.05. 
Using the histological brushing effect a trend test was 
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app lied , again with p ,;: 0 , 0 5 considered as significant . A 
trend was regarded as positive when the va lue in the 7 times 
a week brushing group indicated the most healthy situation , 
in the once a week brushing group the least hea l thy 
situation , with intermediate va lues in the 3 times a week 
brushing group . 
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CHAPTER 5 
GINGIVAL HEALTH AND FREQUENCY OF TOOTH BRUSH ING 






Cl in ical f ind i n gs 
experiment was to study th is 
three different frequencies of 
cl in ical 
plaque 
removal were applied to healthy g i n g ivae in the Beagle dog 
model . 
The max illary first , second and th ird premolars of 12 
beagle dogs , at the start of the experiment two years of 
age , were after a thorough clean i n g  submitted to daily 
plaque removal during  a pre-experimental period of e i ght 
weeks . At the start of the experiment the dogs were 
d istributed into three groups of four dogs each : one group 
was brushed 7 times a week , a second group was brushed 3 
times a week and another group was brushed only once a week . 
Brush i n g  was executed during  2 4  weeks , on the right sides of 
the upper j aws . The left upper jaws served as controls . At 
regular intervals the plaque index , the g i n g ival index and 
prob i n g  depths were assessed . A " brush i n g  effect " was 
calculated for each dog , to distinguish all with i n -dog and 
between-dog in formation . 
Comparison of brush i n g  effects revealed that i n  this 
experimental model plaque removal with a frequency of three 
times a week was suff icient to preserve g i n g ival health , 
whereas tooth brush i n g  once a week resulted in g i n g ival 
i nflammation . Therefore it can be concluded that three times 
a week is the crit ical brush ing frequency in the Beagle dog 
model with healthy g i n g iva at basel i ne . 
* J . A .H. Tromp , J .  Jansen and T. Pilot ; accepted for publication in the 
Journal of Clinical Periodontology. 
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Introd u ction 
In periodontal research the beagle dog is frequently used 
to s tudy the aetiology, pathogenes i s and therapy of chronic 
inflammatory periodontal d i sea s e .  
One of the bas ic areas of interest in per iodonta l 
res earch i s  the influence of plaque and plaque remova 1. A 
cau s al relationship between plaque and ging i v it i s  has been 
demonstrated in man (Ash et al . 1 9 6 4 , L0 e et al . 1 9 6 5 , 
The i lade et al . 1 9 6 6 ) The relat ion between plaque and 
per iodontit i s  has been demonstrated in dogs (Lindhe et al . 
1 9 7 3 , Lindhe et al . 1 9 7 5 ) . Furthermore it has been shown, 
both in humans and in dogs , that a healthy periodontium can 
be ma intained by regular plaque removal (Egelberg 1 9 6 5 , L0e 
et al. 1 9 6 5 , The ilade et al . 1 9 6 6 , Saxe et al. 1 9 6 7 ; Lindhe 
& Hugoson 1 9 6 9 , Hamp et al. 1 9 7 2 , Lang et al. 1 9 7 3 ,  Lindhe 
et al. 1 9 7 3 , 1 9 7 5 ) . 
Clinically healthy gingivae in the beagle dog can be 
establ i shed by different modalit ies of plaque removal us ing 
vary ing intervals . In a number of stud ies the teeth of the 
dogs were cleaned tw ice a day (Hamp et al. 1 9 7 3 , Lindhe et 
al . 1 9 7 3 ,  1 9 7 5 ,  Erics son et al . 1 9 7 5 , Lindhe & Rylander 
1 9 7 5 ,  Schroeder & Lindhe 1 9 7 5 ,  Lindhe & Er ics son 1 9 7 8 ,  
Lindhe et al. 1 9 7 8 ,  Heijl & Lindhe 1 9 8 0 ,  Dahl�n et al. 
1 9 8 2 ) ,  thus establ ishing, in a per iod of seven to eight 
weeks, gingiva w ith a cl in ical aspect , "almos t  ident ical to 
a g ing iva never exposed to gros s plaque accumulat ion " 
(Lindhe et al . 1 9 7 8 ) . 
In other exper iments with dogs brush ing was carr ied out 
once a day (Hock & Tinanoff 1 9 7 9 ,  Nyman et al . 1 9 7 9 ,  Heij 1 & 
Lindhe 1 9 8 2 ) . Th i s  brush ing frequency resulted in cl inically 
healthy gingivae after two months (Nyman et al. 1 9 7 9 )  or a 
return to a prev iou s healthy status of the per iodontal 
t i s s ues (Heijl & Lindhe 1 9 8 2 ) .  Hock and T inanoff ( 1 9 7 9 ) , 
however, stated that da ily brush ing did not result in 
complete removal of dental plaque and no healthy g ingiva was 
found. Attstrom ( 1 9 7 0 ) , Attstr0m and Egelberg ( 1 9 7 0 ,  1 9 7 1 ) , 
Att s trom et al. ( 1 9 7 5 ) , Schroeder et al . ( 1 9 7 5 )  and Nuki et 
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al. ( 1 9 8 1 )  demonstrated that gingival health could be 
established even with lower frequencies of plaque removal. 
It should however be noted that all the above mentioned 
experiments are difficult to compa re with one another 
because the methods of plaque removal and the devices used 
in the experiment were seldom identical. Sometimes 
additional measures were performed, e • g • initial and/or 
weekly or biweekly scaling and polishing or a hard diet 
(Egelberg, 1 9 65 ) . The compa rison of different frequencies of 
plaque removal in one experiment has been car ried out in 
humans (Alexander 1 9 7 0 , Lang et al. 1 9 7 3 ,  Kelner et al. 
1 9 7 4 ) and in monkeys (Caton 1 9 7 9 )  To the best of our 
knowledge simila r studies in dogs so fa r have not been 
reported , 
The aim of the present experiment was to study clinical 
parameters when three different frequencies of tooth 
b rushing were applied to healthy gingivae in the beagle dog 
mode 1 .  
Material and Methods 
The upper jaws of 1 2  beagle dogs, at the start of the 
experiment two yea rs old, were used. The outline of the 
experiment is illustrated in Fig , 1 .  
-8 
cleaning 
0 1 2 3 4 
start 
experiment 
8 12 18 24 weeks 
end 
experiment 
1..,._____ experimental side: ____ .,_ 
I 




1-------- no brushing ____
____ .,_ 
Fig. 1 Outline of the experiment. 
During the whole experiment the dogs were fed a soft, plaque 
p romoting diet. At the start of the pre-experimental period 
of eight weeks the maxillary left and right first, second 
and third premolars were scaled and polished with pumice and 
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a rubber cup . During the pre-experimental e igh t weeks all 
dogs were brus hed in the lef t  and righ t max il lae once a day 
in order to obtain healthy gingivae . Af ter the p re-experi­
mental per iod the dogs were d i s t r ibuted into th ree groups of  
four dogs each : one group cont inued to  be brus hed once a 
day , another group was brus hed th ree t imes a week and a 
th i rd group was brushed only once a week . Dur ing the 
exper imental per iod brus h ing was per formed only in the r ight 
upper j aws . The left upper jaws were not brus hed dur ing t he 
experimental per iod and served as controls . All tooth 
brus h ing was executed by skilled dental s t udents us ing a 
soft tooth brus h ( Butler 4 1 1  Adult ) .  No toothpaste , pumice 
or other aids were used . The dogs were brushed as long as 
was though t to be necess ary to remove the plaque . Plaque 
disclos ing agen t s , to tes t the ef f icacy of the brus h ing 
procedure , were not applied . The exper imental per iod las ted 
for 2 4  weeks . The following as ses sments were made at weeks 
0 , 1 , 2 , 3 , 4 , a , 1 2 ,  1 8  and 2 4 : 
Plaque Index , according to Silness  and LOe ( 1 9 6 4 ) . 
Gingival Index , according to Loe and Silnes s ( 1 9 6 3 ) . 
Probing dept h :  As s es sment of the probing depth was 
performed w i t h  
Univers i ty of  
al . 1 9 8 1 ) . 
a cons tant force probe , 
Groningen ( T romp et al . 
developed at the 
1 9 7 9 , Borsboom et 
All measurements were taken the day a f ter all dogs , 
including the dogs f rom the once a week brush ing group , were 
brus hed . Reg i s t rat ions were made at the mes ial and d i s tal 
surfaces of the f irs t ,  second and th ird righ t and le ft upper 
premolars .  
Data analys i s  
Data were analys ed i n  two d i f ferent ways : 
1 .  Frequency d i s t r ibut ions of the Plaque Index and the 
G ingival I ndex were calculated per brus h ing group and for 
all control s ides . H istograms were made to visualize t he 
percentages of the d i f f erent indices during t he exper i -
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ment. With regard to probing depths for the same groups 
means were calculated and presented in graphs. 
2 . A brushing e f f ect was calculated for each dog. A brushing 
ef fect can be described as a figure indicating the ef fect 
of brushing in a dog after corrections are made with 
regard to values of these measurements in the same dog at 
baseline and at control side. A more extensive descrip­
tion of this method has been given by Corba et al. 
( 1 9 8 6 ) . A comparison of the dif ferences between the 
brushing effects of the dif ferent brushing groups was 
made at week 2 4 ,  





a Student ' s  t-test 





During the experiment one of the dogs from the once a 
week brushing group resisted brushing attempts and had to be 
excluded from the study. The data presented in this study 
therefore deal with 1 1  dogs, four in the 7 and 3 times a 
week brushing groups and three in the once a week brushing 
group. 
Although measurements were performed at more points o f  
time , for the sake of clarity the results presented relate 
to critical time points which , after preliminary data 
analysis, appeared to be weeks 0 ,  4 , 8 ,  1 2  and 2 4 . 
Plaque accumulation 
Plaque Index data are presented as frequency distribu ­
tions in Fig. 2 .  I n  the control group a n  increase i n  Plaque 
Index was scored until maximum scores were attained at week 
1 2 . In the once a week brushing group there was some 
increase in Plaque Index. Only small amounts of plaque were 
found throughout the experiment in the 7 and 3 times a week 
brushing groups. 
With regard to the Plaque Index the 
mean brushing e f f ect is 
(Corba et al. 1 9 8 6 ) . 
theoretically 
The baseline 
maximum range of the 
between - 6 and + 6 
situation in both 
7 1  
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20 • 2 
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7 3 1 0 7 3 1 0 7 3 1 0 7 3 1 0 7 3 1 0 
brushing frequency 
Fig. 2 Plaque index scores. Frequency distributions during the 
experimental period. 7, 3 and 1 indicate the frequency of 
brushing per week, 0 indicates the control group. 
brushing effect at week 24 
Pl. I. G. I. 
probing 
depth 
7- 3 n.s. n.s. n.s. 
7-1 n.s. .. n.s. 
3-1 n.s. .. n.s. 
Table 1 Statistical analysis on brushing effects at week 24 . 
Explanation of the symbols: 
7-3 comparison between brushing 7 and 3 times a week. 
7 - 1  comparison between brushing 7 times and once a week. 
3- 1 comparison between brushing 3 times and once a week. 
N . S. not significant. 
* p .. o . os .  
experimental and control groups was, however, almost equally 
healthy . The range in the present experiment was therefore 
between about - 3 . 0 and O .  The closer the value of the mean 
brushing effect reaches - 3 .  O the more effect a brushing 
frequency has on the plaque index score . The calculated mean 
brushing effects at week 2 4  were - 1 . 2 5 ,  - 0 . 9 2 and - 0 . 5  








a week brushing groups 
statistically significant 
differences were found between the brushing effects in the 
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different brushing groups (Table 1). 
Gingivitis 
In Fig. 3 frequency distributions of the Gingival Index 
scores are presented. 
'l, start 4 waeks 8 weeks 12weeks 24 weeks 
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brushing frequency 
Fig. 3 Gingival index scores. Frequency distributions during 
the experimental period. 7 ,  3 and 1 indicate the frequency of 
brushing per week, O indicates the control group. 
At the start of the experiment minor inflammation was 
present. No brushing resulted in a rapid increase in 
Gingival Index to maximum scores at week 4, after which the 
scores seemed to stabilize. In the once a week brushing 
group the development of gingivitis seemed to be slower. The 
Gingival Index scores in the 7 and 3 times a week brushing 
groups remained low during the entire experimental period. 
The mean brushing effects for the Gingival Index were 
- 1. 2 5, - 1. 21 and - 0. 61 for the 7, 3 and times a week 
brushing groups respectively (theoretical maximum range for 
GI between - 6 and + 6. For this experiment between about 
- 3 and O ) . Results of the statistical analysis are shown in 
Table 1 .  At week 24  brushing 7 times a week was 
significantly better compared to the once a week brushing 
group. The 3 times a week brushing group scored signifi­
cantly better compared to the once a week brushing groups. 
No statistically significant difference was scored between 
the brushing effects of the 7 and 3 times a week brushing 
groups. 
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Fig. 4 Mean probing depths during the experimental period for 
the three brushing groups and the control group. The vertical 
lines indicate the standard deviations. 
Prob ing depths 
F ig. 4 represents the mean prob ing depths, at the s tart 
of the experiment about 2 mm. On the control s ides h igher 
prob ing depths were scored dur ing the whole exper imental 
per iod. From week 4 onwards in the 7 t imes a week brush ing 
group lower prob ing depths were apparent. Compared to 
basel ine about the same prob ing depth s were found after 2 4  
weeks i n  the brus hing groups, while on the contra l s ides 
prob ing depths tended to increase. The brush ing effects 
found were - 0 . 73, - 0.88 and - 0. 33 for the 7, 3 and 
times a week brushing groups respect ively. As i s  s hown in 
Table no s ign ificant differences between the brushing 
effects of the three brush ing groups could be demonstrated 
at week 2 4 .  
Discussion 
In the present study the frequency of plaque removal has 
been related to the state of health of gingivae wh ich were 
at the baseline clinically healthy. Attempts were made to 
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as sess the critical brushing frequency i . e .  the lowest tooth 
brushing frequency with which a healthy gingiva can be 
maintained . 
It should be kept in mind that for all dogs in all 
brushing groups the last toothbrushing was executed the day 
before 
effected 
measurements were recorded . Plaque removal 
the same length 
was 
with the same effort and for of 
time in all dogs as fa r as possible and independent brushing 
frequency . Still differences in plaque sco res were found in 
the second half of the experiment. In g roups with higher 
b rushing frequencies less plaque was found. This indicates 
that with low frequencies of toothb rushing , plaque 
accumulates during intervals in such amounts that not all 
p laque can be removed in one brushing session , and some 
residual plaque might remain . The plaque found at 
registration might therefore be composed of residual plaque 
on which, within 
rather rapidly . 
difficulties in 
their study (in 
one day , additional plaque has accumulated 
Lang et al . ( 1 973) reported similar 
the interpretation of plaque scores . In 
humans) only minor differences in the 
amounts of plaque were found between groups, whether they 
brushed every two , three or four days , but nevertheless 
gingivitis developed when the frequency of plaque removal 
exceeded 48 hours . 
This is not likely to be the result of a difference in 
microbial composition of the plaque at the different points 
of time but rather of a longer exposure of the gingivae to 
the microo rganisms of the plaque (Van Palenstein Helderman 
198 1 )  • 
In the once a week brushing group Plaque Index scores 2 
and 3 were very rare , This was probably due to the brush ing 
session that had taken place the day before the Plaque Index 
was recorded . Therefore it is very difficult to d raw 
conclusions from the plaque level in this group before a 
b rushing session . The effect of the removed plaque on the 
gingival tissues however was still seen when the Gingival 
Index was analysed . In the once a week brushing g roup the 
Plaque Index was reduced to plaque that could be detected 
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only with a probe (PlI = l) while the Gingival Index was 2 . 0  
in 30 % of the surface s. This finding stresses the importance 
of ble e ding on probing as a clinical parameter above Plaque 
Index scores. In the 7 and 3 times a w e ek brushing groups 
and the control group the relation between Plaque Index and 
Gingival Index was more pronounced. 
In the present experiment data were analysed by 
calculating the brushing effects in the brushing groups for 
every parameter. By using brushing effects the situation at 
the start of the experiment and on the control side of the 
same dog are taken into consideration. Therefore this method 
may be preferable to other approaches. Corba et al. (1986) 
have demonstrated clearly that the use of this method is 
justified in this kind of experiments. 
When significant differences betw e e n  the brushing effects 
were calculated a statistically significant difference was 
found only for Gingival Index between the 7 and 3 times a 
w e ek brushing group and betwe en the 3 times and the once a 
w e e k  brushing group . 
With regard to probing depths Lindhe et al. ( 1973) have 
indicated that pockets formation, i. e .  loss of attachment, 
cannot be expected in less then 18 months. The present 
experimental period was only 6 months. 
Indeed an increase in probing de pth was observed only in 
the control groups. This increase has most probably to be 
contributed to changes in gingival health i.e . swelling of 
the gingivae and less resistance to probing forces 
(Listgarten 1980, Jansen 1981 and Van der Velden & Jansen 
1981). In the present study changes in probing depths 
therefore would appear to be related to changes in gingival 
health as expressed by the Gingival Index. Statistical 
analysis of the relationship betw e en brushing effects and 
probing depths revealed no significant difference betw e en 
the thre e brushing groups. The Gingival Index therefore 
appeared the most sensitive clinical parameter in the 
present study . 
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The conclus ion therefore is that plaque removal w i th a 
frequency of three times a week i s  suffic ient to p reserve 
gingival health in Beagle dogs, w ith clinical healthy 
ging ivae at basel ine. Th is c r it ical brush ing frequency for 
the beagle dog i s  in agreement with the stud ies of Lang et 
al. (1973 ) in humans and Caton (1979 ) in Rhe sus monkeys. 
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Abs t rac t  
CHAPTER 6 
EXPERIMENTAL GINGIVITIS AND FREQUENCY OF 
TOOTH BRUSHING IN THE BEAGLE DOG MODEL* 
Cl inical find ings 
The aim of 
when 
th i s  
three 
experiment was to study cl in ical 
parameters different frequencies of tooth 
brushing were appl ied to s ites of experimental ging i v it i s  in 
beagle dogs . 
12 Beagle dogs , at the start of the experiment two years 
of age ,  were used . After a thorough clean ing the max illary 
left and right firs t ,  second and th ird premolars were 
brushed daily during a period of eight weeks . Subsequently , 
for four week s , all brushing was omitted in order to 
es tabl ish an experimental ging i v i t is . After th i s  pre-
experimental period the dogs were d i stributed into three 
groups of four dogs each : one group was brushed 7 times a 
week , a second group was brushed 3 times  a week and the 
th ird group was brushed only once a week . Brushing was done 
for 24 weeks , only on the right s ides of the upper j aws ; the 
left upper j aws served as controls .  At regular intervals 
plaque index , gingi val index and probing depths were 
as ses s ed .  A brushing effect was calculated for each dog , to 
d i s t inguish all w ith in-dog and between-dog informat ion . 
The present study demonstrated that only by brushing 
every day can cl inically healthy g ing i vae be obtained in the 
beagle dog model w ith experimental g ing i v it i s  at basel ine . 
The state of ging i val health at basel ine may be used to 
determine the frequency of brushing neces s ary to create or 
maintain healthy ging i vae . 
* J .A .H.  Tromp, L .J .  van Rijn and J .  Jansen ; accepted for publication 
in the Journal of Clinical Periodontology. 
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Introd u ction 
In a previous experiment (Tromp et al . 1 986) it was 
demonstrated that a b rushing frequency of three times a week 
is sufficient to preserve gingival health in a beagle dog 
model if the gingiva at baseline is healthy . The present 
study deals with the effect of different frequencies of 
b rushing on experimental gingivitis in the same beagle dog 
model . 
Gingival inflammation can be created artificially , as was 
shown by Loe et al . ( 1 965) and Theilade et al. ( 1 966) , who 
demonstrated that in man gingivitis can be produced simply 
by withdrawing all oral hygiene measures. Later , experi­
mental gingiv itis was also created in dogs by omitting oral 
hygiene and letting the plaque freely accumulate (Saxe et 
al. 1 967,  Lindhe et a l. 1 973 , Lindhe et al. 1 974 , Lindhe et 
al . 1 975 , Lindhe & Rylander 1 97 5 ,  Lindhe et al. 1 978 , Soames 
& Davies 1 9 8 0). After seven days signs of early gingivitis 
can be expected (Soames & 
signs of overt gingivitis 
1 97 3 ,  Lindhe et al. 1 975). 
Davies 1980) Within some weeks 
develop rapidly (Lindhe et al . 
In other studies on experimental gingivitis in dogs , 
additionally a soft diet (Egelberg 1 96 5 ,  Hamp et al. 1 97 3) 
was given to promote the development of dental plaque 
(Schroeder et al. 1 975 , Sch roeder & Lindhe 1 97 5 ,  AttstrOm 
197 0, Attstrom & Egelbe rg 1 97 0 , AttstrOm & Egelberg 1 97 1 ). 
Already after fou r days the first signs of gingivitis could 
be observed (Sch roede r et al. 197 5) . 
In humans the experimental gingivitis resolved within one 
week when regular removal of the bacterial plaque was 
resumed (LOe et al . 1 96 5, Theilade et al. 1 966). Caton 
( 1979) compared the influence of different frequencies of 
plaque removal on experimental gingivitis in monkeys. He 
repo rted that gingival health was obtained by cleaning 3 
times a week in a period of three weeks. On the other hand 
Bye et al . ( 1 98 0) reported that a 3 times a week prophy laxis 
in monkeys failed to reduce the Gingival Index sig­
nificantly. Lindhe et al. ( 1978) demonstrated in dogs the 
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poss ibil ity by removing plaque tw ice a day of alter ing an 
exper imentally induced chron ically inflamed ging iva into one 
wh ich , from a clin ical and structural point of view, is 
almost identical to a ging iva wh ich has never been exposed 
to gross plaque accumulat ion. 
To our knowledge a compar ison of different frequenc ies of 
plaque removal in a beagle dog model w ith experimental 
g ing ivitis has not been reported. The aim of the present 
exper iment was therefore to study cl in ical parameters i n  a 
beagle dog model with experimental ging ivitis when three 
different frequencies of brush ing were applied. 
Ma t e rial and methods 
For th is exper iment the upper jaws of 12 beagle dogs, at 
the start of the exper iment 2 4  months of age, were used. The 
outl ine of the experiment is shown in F ig. 1. 





__ brushing __ i__no __ 
7x/week I brushing 
1_____ experimental side: _____ _ brushing 7x, 3x or 1x/week 
control side: 
,------- no brushing ----------
Fig. 1 outline of the experiment. 
The experiment lasted for 3 6  weeks. Th is period was d iv ided 
into a pre-exper imental phase of 1 2  weeks and an exper i­
mental per iod of 2 4  weeks . During the whole per iod of 3 6  
weeks the dogs were fed a soft, plaque promoting d iet as 
used by van D ijk ( 1979). At the start of the pre-experi­
mental period the f irst, second and th ird premolars on the 
right and left sides of the upper jaws were thoroughly 
cleaned with pumice and a rubber cup. Then daily brush ing of 
these premolars was performed during a period of e ight weeks 
in order to establish in all dogs ident ical (healthy) 
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maxillary gingivae. During the last four weeks of the 
pre-experimental period all brushing was omitted in order to 
create experimental gingivitis. 
At the start of the experimental period the dogs were 
distributed into three groups of four dogs each. One group 
was brushed once a day, the second group three times a week 
and the third group only once a week. This brushing was 
performed only in the right upper jaws. The left upper jaws 
served as controls and were not brushed. All brushing was 
performed by experienced dental studP.nts. Except for a s0ft 
toothbrush (Butler 411, adult) no other aids such as 
toothpaste or pumice were 
normal effort as long as 











efficacy of the brushing procedure, were not used . The 
following clinical measurements were recorded at weeks 0, 1, 
2, 3, 4, 8, 12 , 18 and 2 4 : 
Plaque Index, (Silness and Ule 1964 ). 
Gingival Index, (Lc5e and Silness 1963). 
Probing Depths. Measurement of Probing Depth was executed 
with a constant force probe, developed at the University 
of Groningen (Tromp et al . 1979, Borsboom et al. 1981) . 
All measurements were made the day after which all dogs, 
including the dogs that were cleaned once a week, were 
brushed. All assessments were made on the mesial and distal 
surfaces of the right and left first, second and third 
maxillary premolars. 
frequency distribut ions 
or means (probing 
( Plaque 
depths). 
Data were analysed using 
Index and Gingival Index) 
Furthermore a new method of analysis based on calculated 
" brushing effects" was applied. A more extensive description 







the sake of 
of the results 
were performed at more points of 
clarity the presentation and 
will be limited to the critical 
points of time which, after a preliminary analysis, appeared 
to be weeks 0, 4, 8, 12 and 24 . 
Plague accumulation 
Frequency distributions of Plaque Index scores are pres ented 








start 4 weeks 





8 weeks 12 weeks 24 weeks --- ,- - lnlerproxlmal 
-
-
7 3 1 0 7 3 1 0 
Fig. 2 Plague index scores. Frequency distributions during the 
experimental period. 7, 3 and 1 indicate the frequency of 
brushing per week, O indicates the control group. 
At the start of the experiment plaque was found extensively 
in all groups . From this moment an increase in plaque-free 
surfaces was noticed in all brushing groups. From eight 
weeks the 7 and 3 times a week brushing groups remained 
almos t  plaque free . In the once a week brushing group a 
reduction in Plaque Index score was noted during the firs t 
phase of the experimental period but later on the levels 
increased again. 
The mean brushing effects at week 2 4  were - 0.50, - 1.00 
and - 1. 00  for the 7, 3 and times a week brushing groups 
respectively. The maximum range for the mean brus hing 
effects is theoretically between - 6 and + 6. In the present 
experiment, however, where at bas eline on both experimental 
and control sides the level of inflammation was almost 
equal, the range was between - 3.0 and O. 
As is shown in Table 1 no statistically sign ificant 
differences were found between the brushing effects in the 
different groups .  
8 7  
brushing effect at week 24 
Pl. I. 
7_3 n.s. 
7_ 1 n.s. 
3_  1 n.s. 
Table Statistical analysis on 
Explanation of the symbols : 
7-3: comparison between brushing 7 
7-1 : comparison between brushing 7 
3-1 : comparison between brushing 3 
NS not significant. 













effects at week 
3 times a week. 
once a week. 
once a week. 
24. 
G ingivitis 
F requency distributions of Gingival Index scores are 
p resented in Fig. 3. 






. 0  
20 0 1  
0 0 2  
7 3 1 0 7 3 1 0 7 3 1 0 7 3 1 0 7 3 1 0 
brushing frequency 
Fig. 3 Gingival index scores. Frequency distributions during 
the experimental period. 7, 3 and 1 indicate the frequency of 
brushing per week, O indicates the control group. 
After the first eight weeks it seemed as if b rushing 7 ,  3 
and 1 times a week could establish gingival health equally 
well ( G .  I .  0 in relation to app roximately 5 0 \  of 
surfaces) . During the second half of the experimental period 
(week 12 - week 2 4 )  in the 7 times a week b rushing group 
the vast majority of surfaces were scored clinically 
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healthy, while in the 3 times and once a week brushing 
groups there seemed to be a relapse : fewer healthy s urfaces 
were found compared to the 8 week-examination. Absence of 
oral hygiene in the control group was invariably a s s ociated 
with high Gingival Index s cores. 
At week 24 the mean brushing effects for the gingival 
index were - 1 . 38, - 0.71 and - 0. 2 9  for the 7, 3 and 
times a week brus hing groups respectively (according to the 
explanation given above the range for the brushing effect 
lies theoretically between - 6 and + 6, but practically 
between - 3 . 0  and 0) . Statistically significant differences 
were found only between brushing effects of the 7 times and 
once a week brus hing groups (Table 1) . 
Probing depths 






2 3 , 




7 T IHES A WEEK 
3 T I HES A WEEK 
ONCE A WEEK 
CONTROL 
Fig. 4 Mean probing depths during the experimental period for 
the three brushing groups and the control group. The vertical 
lines indicate the standard deviations. 
At the start of the experiment the mean probing depth was 
about 2 mm. During the course of the experiment the mean 
probing depths remained relatively unaltered for all groups 
except for the 7 times a week brushing group where after 
eight weeks of daily brushing a decreas e  was noticeable. 
During the second half of the experiment there was in this 
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group a tendency for values to return to baseline levels . 
The brushing effects for the probing depths found at week 2 4  
were - 0. 4 4, - 0. 54 and - 0. 27 for the 7, 3 and times a 
week brushing groups respectively. No 
ences between the brushing effects of 
groups were found (Table 1) . 
significant differ­
the three brushing 
Discus s i on 
The objective of the present study was to assess the 
influence of different frequencies of brushing on 
experimentally created gingivitis in beagle dogs. 
With regard to the plaque index scores it should be 
stressed that all dogs were brushed the day before the 
registrations were made . Still not all sites were free of 
plaque at any time during the experimental period. 
Apparently at baseline the amount of plaque was too high 
to be removed completely in the different brushing sessions. 
Residual plaque thus remained until after eight weeks when 
in all brushing 
From this moment 
amount of plaque 
groups minimal plaque scores were 
on in the once a week brushing 




scored in amounts such that it cannot be attributed to a one 
day accumulation of fresh plaque . Besides, applying this low 
frequency of brushing it appeared not to be possible to 
remove all plaque, even when at baseline the teeth were 
completely plaque free (Tromp et al . ,  1986) .  
The Gingival Index scores showed a slow reduction in 
gingivitis in the 7 times a week brushing group only. After 
24 weeks gingivitis had disappeared completely . In the other 
brushing groups the situation remained almost stable (in the 
3 times and once a week brushing groups) or seemed to 
deteriorate (in the control groups) compared to baseline . 
The statistical analysis of the brushing effects indicated 







and once a week, 
and once a week. 
but did so between 
It can be concluded 
therefore that brushing 7 times a week is necessary to 
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obtain the lowest Gingival Index scores. 
Bye et al . (1980 ) found , using monkeys , that a r�gime of 
simple prophylaxis three times a week was insufficient to 
reduce the gingival index significantly. Caton ( 19 7 9 )  was 
able to establish a healthy gingiva in monkeys after a 
period of 
It should 
three weeks by plaque removal three times a week. 
be noted that in this last study (Caton 1979 )  
plaque removal was achieved not simply by brushing , but also 
using a variety of other aids. Moreover no higher fre­
quencies than 3 times a week were investigated. In their 
study with dogs, Lindhe et al. (19 7 8 )  used a plaque removal 
frequency of twice daily to achieve a complete healthy 
gingiva within six weeks. This is in agreement with the 
present finding that only after 2 4  weeks in the brushing 
group was a Gingival Index score 0 of 1 0 0 \  achieved. Before 
this timepoint signs of gingival inflammation were evident , 
although minimal at week 12. The results of the present 
experiment therefore demonstrate that brushing of 7 times a 
week is necessary to resolve gingivitis created artificially 
in Beagles. The slow reduction in gingivitis during the 
experimental period indicates that perhaps a higher brushing 
frequency then once daily is more likely to create 
clinically healthy gingivae in a shorter period of time. 
This conclusion seems to contradict results of a previous 
experiment (Tromp et al. , 1986 ) in which it was found 
possible to create healthy gingiva simply by daily brushing. 
That result was however obtained in dogs that were not fed a 
soft diet until the start of the pre-experimental brushing. 
A soft diet promotes the accumulation of plaque and thereby 
the development of gingivitis (Egelberg 196 5 ,  Van Dijk 
1979 ) These dog ' s  teeth were also cleaned once thoroughly 
with pumice and a rubber cup , by which plaque was removed 
more completely than could be achieved in a normal brushing 
session. 
It may be stated therefore that differences at baseline 
and the efficacy of tooth brushing may explain the results. 
If at baseline the gingiva is already healthy , b rushing 3 
times a week is sufficient to maintain a healthy gingiva 
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(Tromp et al. , 1986). If the gingiva is not healthy at least 
daily brushing is neces sary to create a healthy gingiva. 
I n  previous experiments (Tromp et al. 1986 , Corba et al. , 
ab ,  1986) it was demons trated that brushing effects aid the 
data analysis from nonparametric clinical indices. In this 
study differences between brushing groups that seemed to be 
obvious according to the histograms and graphs were not 
found to be statistically significant when analysed using 
brushing effects. This phenomenon is evident in Fig. 2 
where , at the different timepoints ,  (non-statistical) dif­
ferences in the amounts of plaque between the brushing 
groups are clear. Thi s  phenomenon may be due to the fact 
that a brushing effect takes into account the situation at 
baseline and on the control side and dis tinguis hed 
within-dog and between-dog information. 
The present publication is the last in a series of four 
clinical s tudies dealing with different experimental con­
ditions. Conclusions from these s tudies , in terms of e. g. 
advocating patients about different frequencies of tooth 
brus hing in different clinical situations, are difficult. 
The trend s , however , seem to be equal. Future publications 
of our laboratory , dealing with the his tologic data , can 
shed light on the values of these clinical findings. 
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CHAPTER 7 
ARTIFICIAL PERIODONTAL DEFECTS AND FREQUENCY 
OF TOOTH BRU SHING IN BEAGLE DOGS* 
Clinical findings after creation of the defects 
Ab s t rac t 
This investigation was designed to determine the 
influence of different frequencies of tooth brushing on 
artificial periodontal defects in the beagle dog shortly 
after creation. 
In twelve beag le dogs periodontal defects were created 
using elastic bands placed in the sulci below the gingival 
margin after having cut the dento-gingival fibres to the 
level of the alveolar bone. This active phase of creating 















). After removal 





dogs each. Each group was brushed with a certain frequency, 
i.e . 7 times, 3 times or once a week. Plaque Index, Gingival 
Index and probing depth, using a constant force probe, were 
assessed for the interproximal surfaces. 
lasted for 2 4  weeks. 
The experiment 
For hypothesis testing a brushing effect was calculated 
for each dog. Furthermore, an analysis was performed based 
on the absolute scores at week 2 4. 
From the statistical analysis it was concluded that in 
artificially induced periodontal defects in beagle dogs 
immediately after creation brushing 7 times a week is 
superior to brushing 3 times a week to establish and 
maintaining gingival health. 
* N.H.c. Corba, J. Jansen, v. Fidler ; accepted for publication in the 
Journal of Clinical Periodontology. 
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Int roduction 
In order to evaluate periodontal treatment procedures 
methods have been developed to induce periodontal breakdown 
artificially in animal models. The advantage of such an 
artificially induced periodontal defect is that it can 
rapidly and predictably be created , both in monkeys ( Caton & 
Kowalski 1976) and in dogs ( Jansen & Pilot 1981) . 
Furthermore , artificial defects are needed when periodontal 
defects of the same severity are required on both sides of 
the jaw in a s plit mouth experimental des ign . This 
requirement is very unlikely to be met with naturally 
occurring periodontitis ( H ull et al . 1974 , Lindhe et al . 
197 5 ,  Lang et al. 1979 , Sorensen et al. 1980 , Page & 
Schroeder 1981) When every day plaque removal procedures 
are involved in the experiment , dogs should be preferred to 
monkeys since daily brushing is pos sible without sedation in 
dogs but very difficult to perform in monkeys (Attstrom 
1970 , Lindhe et al. 1 973 , Schroeder & Lindhe 197 5 ,  Lindhe & 
Erics son 1978 , van Dij k  1979) . 
Since in long-term studies using an animal model daily 
plaque removal is often a time consuming and expen sive 
factor it is of importance to know the minimal brushing 
frequency to establish and maintain periodontal health . 
From beagle dogs experiments to evaluate the effect of 
routine daily plaque removal on periodontal health ( Hugoson 
& Schmidt 1978, van Dijk 1979, Moris son et al. 1979) , it has 
been concluded that plaque removal is the decisive factor 
during healing . The effect of a le s s  frequent plaque removal 
is known only in humans in case of mild gingivitis ( Lang et 
al . 1973) , in beagle dogs to ob serve the development and 
progression of periodontal disease ( Saxe et al. 1967) and in 
Rhesus monkeys to establish and maintain a healthy gingiva 
( Caton 1979) . The present experiment was undertaken to 
determine the influence of different frequencie s of tooth 
brushing in relation to artificial periodontal defects 
immediately after creation in the beagle dog. 
98 
Mate rial and methods 
Animals 
Twe l ve beag le dogs I approx imate ly two years o ld and each 
we igh ing approx imate ly 1 5  kg , were used . During the 
exper iment the dogs were caged separate ly . Drop ings cou ld 
not be ingested . A l l  dogs were fed on a d iet cons ist ing of 
dogmeat , soaked in water 1 wh ich favoured gross 
accumu lation . Water was su p p l ied ad l ib itum . 
Experimental des ign 
The design of the experiment is shown in F ig .  1 .  




8 12 18 24 weeks 
sacrifice 
1_____ experimental side: ___ 
_ 
I 
brushing 7x, 3x or 1x/week 
....,_ no -� 
brushing I control side: 
,-------no brushing --------
Fig. 1 outline of the experiment. 
p laque 
Six  weeks before the start of the ex perimental period 
periodontal defects were created using orthodontic e lastic 
bands ( Unitek , Eng lewood C l iffs N. J. 1 / 8  inch ) . These 
elastic bands were p laced in the su lci below the g ing i val 











4 ) ,  
after hav ing cut the dentogingiva l f ibres to the leve l of 
the a l veo lar bone . 
At week zero the e last ic bands were removed and the 1 2  
dogs were distributed random ly into three groups o f  four 
dogs each . The fo l low ing reg imen of tooth brush ing was 
inst ituted for the lower right premo lar area : 
group was brushed 7 times a week , 
group 2 was brushed 3 t imes a week , 
group 3 was brushed once a week . 
The contra latera l area served as a non-brushed contro l .  
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Tooth brushing was performed by two skilled dental 
students. They spent the same quantity of time in brushing 
each dog ' s  teeth. The method of brushing was the modified 
Bass method by means of a multitufted tooth brush (Butler 
4 11 ) .  No aids for interdental cleaning were used since dogs 
do not have significant interproximal contact points. The 
experimental period lasted for 2 4 weeks. 
Registrations of plaque, gingivitis and probing depth at 
the distal and mesial aspects of the selected premolars were 
carried out at weeks 1, 2, 3, 4, 8, 12, 18 and 2 4 by the 
same examiner (Fig. 1 ) In all brushing groups these 
registrations were assessed one day after tooth brushing. 
Measurements at baseline (week zero ) were not done, because 
it was impossible to score adequately in excessively 
bleeding areas immediately after the removal of the elastic 
bands. The amount of plaque was determined using the Plaque 
Index of Silness & LOe (19 6 4 ) The severity of gingival 
inflammation was determined using the Gingival Index of LOe 
& Silness ( 19 63 ) .  For the sake of clarity results of the 
Plaque Index and the Gingival Index at weeks 1 ,  4, 12 and 2 4  
only are presented, as preliminary analysis suggested these 
time points to be critical. 
Pocket probing depth was measured using a modified 
Williams probe (Hu-Friedy ) applying a constant probing force 
of O. SN 
pressure 
198 1 )  • 




probe tip 0. 5 mm ) ,  probing 
al. 1979, Borsboom et al. 
Data analysis 
Frequency distributions of the Plaque Index and the 
Gingival Index were calculated per brushing group and for 
all control sides. Means of probing depths were calculated 
for the same groups. Such calculations are suitable for 






are not suitable 
not 
for 
hypothesis testing . For this purpose, methods of analysis of 
variance were employed. A brushing effect ( B .  E . ) was 
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calculated for every dog as : 
B .  E. [s (E
end










where s ( E
end
) denotes the last measurement made on the 
experimental side of the mouth , s ( E  ) 
start 
denotes the sc ore 
on the same s ide at the start of the experiment , and s (C
end
) 
and s ( C
start
) denote observat ions made at the same pos i t ion 
on the control side of the mouth . The max imum poss ible 
brushing ef fect for the Pl . I . and the G . I .  was : ( 3 -0 )  
( 0 - 3 )  = 6 and the min imum : ( 0 - 3 ) ( 3 -0 ) = - 6 . The l im its o f  
th is scale were not used as such values are not observed in 
practice.  For each dog the mean brushing ef fect was 
calculated for the interprox imal surfaces . Comparisons o f  
these means were made by Student ' s  t-test for two 
independent samples . The same test was used for comparison 
of means of absolute scores at week 24 . Presented crit i c al 
levels of signi f i c ance are those of one-ta iled randomizat ion 
tests ( Edg inton 1 9 80 ) .  The nominal level of sign i f i c ance was 
set at 0 . 0 5 .  
Res ults 
Plague 
The frequency d istribution o f  the plaque scores 








1 week 4 weeks 
7 3 1 0  7 3 1 0  
brushing frequency 
12 weeks 24 weeks 
lnterproxlmal 
7 3 1 0 
Fig. 2 Plaque index scores. Frequency distributions during the 
experimental period . 7 ,  3 and 1 indicate the frequency of 
brushing per week, 0 indicates the control group . 
as 
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The dist ribution of plaque scores showed a gradual increase 
of plaque f ree surfaces (Pl . I .  = 0 )  for the 7 and 3 times a 
week brushing groups. Plaque scores in the once a week 
brushing group tended to increas e during the second half of 
the experiment. For the control surfaces (no brushing) the 
frequency dis tribution of plaque scores remained relatively 
unalte red during the course of the expe riment. The great 
ma j ority of these s urfaces was invariably covered with 
clearly visible plaque (Pl. I. 2 and 3) . 
Table shows that the re were significant differences in 
brushing effect for both the 7 time s a week (the brus hing 
effect was 1. 2 on the scale from 6 to -6)  and the 3 times a 
week (B. E. 
week group 
1. 8) bru shing groups compared to the once a 
(B. E. 0. 1) , but there was no significant 
difference between the 7 and 3 times a week brushing group. 
brushing effect at week 24 
Pl. I. G.I. probing depth 
7- 3 n.s n.s n.s 
7- 1 .. .. n.s 
3_1 .. n.s n.s 
Table 1 Statistical analysis on brushing effects at week 24. 
Explanation of the symbols: 
7-3 comparison between brushing 7 and 3 times a week. 
7-1 comparison between brushing 7 times and once a week. 
3-1 comparison between brushing 3 times and once a week. 
N . S. not significant. 
* p � 0. 05. 
Gingival condition 
The frequency dis tribution of the gingival index scores 
at 1, 4, 12 and 24 weeks after bas eline is s hown in Fig. 3. 
One week afte r removal of the elastic bands most of the 
interproximal gingiva 1 units in all bru shing groups were 
inflamed and bled on probing (G. I. = 2) . During the fir s t  12 







1 week 4 weeks 
7 3 1 0  7 3 1 0  
brushing frequency 
12 weeks 24 weeks 
lnlerproximal 
G.I. D o o ,  
Q 2 
Fig. 3 Gingival index scores. Frequency distributions during 
the experimental period. 7, 3 and 1 indicate the frequency of 
brushing per week, 0 indicates the control group. 
weeks the number of units with gingival index score 2 
drast ically decreased. This decrease was most pronounced for 
the 7 times a week b rushing group but was even not iceable 
for the control group (no b rush ing). Twelve weeks after 
removal of the elast ic bands the major ity of gingival un its 
in the 7 t imes a week brushing group was f ree of cl in ically 
detectable inflammation (G. I. = 0). A gingival index score 3 
was not found dur ing the exper iment. 
Table shows that the only signif icant difference in 
b rushing effect was between the 7 times a week (B. E. 1 . 1 )  
and once a week b rushing group (B. E. = 0. 2). No s ignif icant 
d ifference was found between the 7 t imes a week and the 3 
times a week brushing group (B. E. 0. 7). Th is was also the 
case for the 3 t imes a week and the once a week b rush ing 
group. 
P rob ing depth 
Mean values for prob ing depth as related to surface and 
b rushing frequency are shown in F ig. 4 .  Mean p rob ing depth 
one week after removal of the elast ic bands was about 3 mm 
i nterprox imally. Mean prob ing depth tended to decrease 
dur ing the exper iment. Most changes in p rob ing depth took 
place dur ing the f i rst 4 weeks after elastic band removal. 
Table shows that no sign if icant differences in b rushing 
effect were found between the 7 t imes a week (B . E. 
1 0 3  
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Fig. 4 Mean probing depths during the experimental period for 
the three brushing groups and the control group. The vertical 
lines indicate the standard deviations. 
0 . 5  mm) , 3 times a week (B. E. 
brushing group ( B. E. = 0 mm). 
0. 6 mm) and once a week 
Disc ussion 
The present experiment has confirmed that in beagle dogs 
the application of elastic bands around necks of premolar 
teeth for a period of six weeks results in gross plaque 
accumulation , severe gingivitis and periodontal defects of 
moderate depth. These results accord with previous studies 
(van Dijk 1979 , Jansen 198 2 )  , although in the present 
experiment somewhat shallower defects were established. 
Jansen (1982) created artificial periodontal defects with a 
depth of 4-5 mm around incisor teeth with the use of elastic 
bands. This is in contrast to the premolar teeth used in 
this study. Roots of incisor teeth converge in an apical 
direction so it can be expected that an elastic band under 
tension easily moves in an apical direction. Furthermore the 
amount of interseptal bone crest to be broken down is 
substantial ly greater around premolar teeth (including the 
1 04 
absolute scores at week 24 
Pl.I. G. I. 
probing 
depth 
7_3 n.s. ... n.s. 
7- 1 n.s. ... n.s. 
3- 1 ... n.s. n.s. 
Table 2 Statistical analysis on absolute scores at week 24 . 
Explanation of the symbols: 
7-3 comparison between brushing 7 and 3 times a week. 
7- 1 comparison between brushing 7 times and once a week. 
3- 1 comparison between brushing 3 times and once a week. 
N. S. not significant. 
* p E 0 . 05. 
bifurcation area) . Also compared to ligature induced defects 
in the premolar region the present elastic induced defects 
were somewhat shallower. Maybe the fact that cotton 
ligatures collect and harbour more plaque than elastic bands 
can explain why the present elastic induced defects are 
shallower than the ligature induced defects (Jansen & Pilot 
1 9 8 1  l • 
The aim of the study was to evaluate the effect of 
different frequencies of tooth brushing on artificial 
periodontal defects. For hypothesis testing a brushing 
effect was calculated for each dog. This brushing effect 
includes a cor rection for baseline scores and for scores of 
the control g roup. To demonstrate the relevance of this 
approach the absolute scores at week 2 4  are also presented 
(see Table 2) . When the results from the analysis of the 
brushing effects (Table 1) and the absolute scores at week 
24 (Table 2 )  are compa red there are some striking 
differences. For example , in Table 1 it can be seen that for 
the Plaque Index there is a significant difference in 
b rushing effect between the 7 times a week and once a week 
1 05 
brushing group, while in Table 2 the analysis of the 
absolute scores between these brushing groups shows no 
significant difference. This difference can be explained by 
the fact that the values for plaque at week 1 in the 7 times 
a week brushing group were already very high compared to 











analyses are explained. A reverse phenomenon is present for 
the Gingival Index comparing the 7 times a week and the 3 
times a week brushing group. It will be clear that an 
analysis based on the brushing effect is preferable to an 
analysis based on absolute scores. 
The significant difference in brush ing effect between the 
7 times a week and once a week brushing groups showed that 
there was considerably more plaque when once a week brushing 
was performed, even when this brushing was carried out the 
day before. This situation was due very likely to remaining 
"old" plaque . 
The results for the Gingival Index (Fig . 3) indicated 
that a frequency of tooth brushing of 7 times a week might 
be necessary to establish the most favourable gingival 
condition, since once a week brushing invariably resulted in 
the persistence of gingivitis and it was not possible to 
establish gingival health brushing 3 times a week. But, 
twelve weeks after elastic band removal, almost all gingival 
units in the 7 times a week brushing group were free of 
clinically detectable inflammation. The sites that still 
remained inflamed were situated mostly at the distal aspect 
of P
4
. This tooth is frequently so close to the first molar, 
that the interdental area may not be readily accessible to 
the tooth brush. 
Table 1 shows that there was no significant difference in 
brushing effect between the 7 times a week and the 3 times a 
week brushing group. However, since there is a significant 
difference in brushing effect between the 7 times a week and 
once a week brushing group and no significant difference 
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between the 3 times a week and once a week brushing group, 
it is reasonable to as sume that a brushing frequency of 7 
times a week is superior to that of 3 times a week in 
establis hing and maintaining gingival health. 
This preferred frequency of 7 times a week does not seem 
to accord with the report of Lang et al. ( 1973) on humans 
which stated that brushing at least every 48 hours is 
sufficient to maintain gingival health. Caton (1979) carried 
out an experiment in Rhesus monkeys indicating that a 
frequency of oral hygiene of 3 times a week was sufficient 
to es tablis h  and maintain clinically healthy gingivea. How­
ever, the bas eline of both these experiments was not as 
severe a periodontal inflammation as in the pres ent s tudy 
but a healthy condition of the gingivae. Furthermore it has 
to be realized that in the forementioned s tudies complete 
p laque remova l was as sured with each time of brushing. This 
was probably not the case in the pres ent study, since plaque 
removal was done with the same effort and in about the same 
length of time independent of the brushing frequency , 
leaving some residual plaque in the lower frequency groups. 
Therefore in the pres ent beagle dog model a lower frequency 
of plaque removal was not sufficient to establish gingival 
health. 
Irres pective of the frequency of brushing there seemed to 
develop a decrease in probing depth during the experiment. 
This phenomenon is in accordance with the findings of Jansen 
& Pilot ( 1 981) who des cribed decrea sing probing depths in 
artificial periodontal defects without oral hygiene. The 
histometric analysis reported in a corres ponding pub lication 
(Jansen et al. 1982) showed that the decreasing probing 
depth was caused not by a gain in periodontal attachment but 
by a decrease of inflammation in the deeper part of the 
defect which affects probing depth meas urement , reported 
al so by Armitage et al . ( 1977), Lis tgarten (1972 ), van der 
Velden ( 1979) and Jansen et al. ( 1981). Because brushing 7 
times a week res ulted in the most pronounced improvement in 
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to assume that gingival health it 
diminishing swelling 
is reasonable 
or oedema of the gingival tissues 
a 
was 
most pronounced in this group which obviously contributed to 
decreased probing depth , 
From the present study it can be concluded that brushing 
7 times a week is superior to brushing 3 times a week in 
establishing and maintaining gingival health in artificially 
induced periodontal defects immediately after creation in 
beagle dogs. 
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CHAPTER 8 
ARTIFICIAL PERIODONTA L DEFECTS AND FREQUENCY OF TOOTH 
BRU SHING IN BEAGLE DOGS* 
Clinical findings after a period of healing 
Abs t ra c t  
This investigation was des igned to determine the 
influence of different frequencies of tooth brushing on 
artificial periodontal defects in the beagle dog after a 
period of healing. 
In 1 2  beagle dogs periodontal defects were created u sing 
elastic bands placed in the s ulci below the gingival margin 
after having cut the dento-gingival fibres to the level of 
the alveolar bone crest. This active phase of creating 
defects lasted for six weeks. After removal of the elastic 
bands the created defects were left undis turbed during the 
remainder of the pre-experimental period ( 1 2  weeks) Six 













After the pre-experimental period the 1 2  dogs were 
distributed into three groups of four dogs each. Each group 
was brus hed with a certain frequency, i. e. 7 times, 3 times 
or once a week. 
Regis trations of Plaque Index, Gingival Index and probing 
depth using a constant force probe were carried out on 
approximal surfaces. The experiment lasted for 2 4  weeks .  A 
brushing effect was calculated for each dog. 
It was shown in relation to artificially induced 
periodontal defects in beagle dogs, that, after a period of 
healing, brushing 7 times a week is s uperior to brushing 3 
times 
health. 
a week in es tablis hing and maintaining gingival 
* N.H.C. Corba, J. Jansen, T. Pilot ; accepted for publication in the 
Journal of Clinical Periodontology. 
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Introduction 
It is generally believed that in patients with chronic 
inflammatory periodontal disease definite plaque control 
programs are necessary to establ ish gingiva l health (Lindhe 
& Nyman 1975) , and that plaque removal once every 48 hours 
may be sufficient to maintain gingival health once it is 









from a cost-benefit 
in which regular plaque removal is 
importance to know which minimal 
removal can cope with gingival health 
point of view, because it is either 
time-consuming and expensive or impossible (e. g. in monkeys) 
to perform an oral hygiene regimen of once or twice a day. 
It is of value to distinguish, apart from gingival health, 
between three different experimental disease entities in 
animals namely : experimental gingivitis, artificial perio­
dontal defects immediately after creation and stable 
artificial periodontal defects after a period of healing 
(Jansen 1982) . In a previous article (Corba et al. 1986) Lhe 
influence of plague removal on artificial periodontal 
defects immediately after creation in beagle dogs was in­
vestigated. The results showed that in such a situation 
brushing 7 times a week was necessary to establish gingival 
health. 
Tromp et al. (1986) 
different frequencies 
in beagle dogs. The 
did a comparable experiment testing 
of plaque removal on healthy gingivae 
results indicated that in such a 
situation brushing 3 times a week was sufficient to maintain 
gingival health . The present study was undertaken in order 
to determine the optimal frequency of plaque removal (tooth 
brushing) to establish and maintain gingival health in 
stable artificial periodontal defects. 
Mate rial and methods 
Animals 
Twelve beagle dogs, approximately two years old and 
weighing around 15 kg, were used. During the experiment the 
1 1 4 
dogs were ca ged separately and fed on a diet wh ich favoured 
gross plaque accumulat ion ( van D i j k  1 9  7 9  l • Wa ter was 
suppl ied ad libitum .  
Experimental des ign 
The des ign of the experiment is sh own in Fi g .  1 .  
-18 .12 0 1 2 3 4 8 12 18 24 weeks 
creation elastics start sacrifice 
defects out I_ experimental side: 
-' brushing 7x, 3x or 1x/week - no brushing 
1_ control side: 
no brushing ... 
Fig . 1 Outline of the experiment 
Eigh teen weeks before the st art of the experimen t al 
period periodontal defects were crea ted us ing orthodon t ic 
elast ic bands (Uni tek , Englewood , Cliff N . J .  1 / 8 inch ) . 
These elastic bands were placed in the sulci below the 












J ,  after h a v ing cut the dentog ing i val fibres to the level 
of the alveolar bone . 
Twelve weeks before the start of the exper iment the 
el ast ic bands were removed , and the created defects were 
left und isturbed during the 
pre-experimental period . At baseline 
rema inder of the 
the 1 2  dogs were 
d istributed into three groups of four dogs each . The 
follow ing reg imen of tooth brush ing was inst i tuted for the 
lower right premolar area : 
group was brushed 7 t imes a week , 
group 2 was brushed 3 t imes a week , 
group 3 was brushed once a week . 
The contralateral area served as a control . In t h is a rea 
no brush ing was carried out . 
Toothbrush ing was performed by two skilled dental 
students . They spent the same quant ity of t ime brush ing each 
1 1 5 
dog. The method of brushing was the modified Bas s  method by 
means of a multitufted tooth brush (Butler 4 11 ) .  No aids for 
interdental cleaning were used since dogs do not have 
significant interproximal contact areas. The experimental 
period was 2 4 weeks. 
Regis trations of plaque, gingiv itis and probing depth at 
the distal and mesial aspects of the selected premolars were 
carried out at baseline and at weeks 1, 2, 3, 4, 8, 1 2 , 18 
and 2 4 by the same examiner . In all brushing groups these 
regis trations were asses sed one day after tooth brushing . 
The amount of plaque was determined using the Plaque 
Index (Silne s s  & Loe 196 4 ) .  The severity of gingival inflam­
mation was asses sed using the Gingival Index (Loe & Silnes s  
196 3 )  • 
For the sake of clarity only results of the Plaque Index 
and the Ging ival Index at baseline and weeks 4, 1 2 and 2 4 
are pres ented, these time points being representative of the 
course of the experiment . 
The pocket probing depth was measured using a modified 
Williams probe (Hu-Friedy ) applying a cons tant probing force 
of 0 . 5  N 
pres s ure 
198 1 )  . 





the p robe tip 
et al. 19 7 9, 




Frequency dis tributions of the Plaque Index and the 
Gingival Index were calc ulated for each brushing group and 
for all c ontrol sides. Means were calculated for probing 
depth. Data were as ses s ed using analysis of variance and a 
brus hing effect (B. E. ) at week 2 4  was calculated for each 
dog. The nominal level of significance was set at 0 . 0 5. For 
further deta ils see Corba et al. ( 19 8 6 ) .  
Results 
Plaque 
Fig. 2 shows the frequency distribution in percentages of 
the plaque s cores as related to the frequency of brushing. 









baseline 4 weeks 
7 3 1 0  7 3 1 0 
brushing frequency 
12 weeks 24 weeks 
interproximal 
Pl.I. 
D o  
D 
0 2  
. 3  
Fig. 2 Plaque index scores. Frequency distributions during the 
experimental period. 7, 3 and 1 indicate the frequency of 
brushing per week, O indicates the control group. 
brushing effect at week 24 
Pl. I. G.I. probing depth 
7-3 n.s. n.s. n.s. 
7- 1 n.s. ... n.s. 
3-1 ... n.s. n.s. 
Table 1 Statistical analysis on brushing effects at week 24. 
Explanation of the symbols: 
7-3 comparison between brushing 7 and 3 times a week. 
7-1 comparison between brushing 7 times and once a week. 
3-1 comparison between brushing 3 times and once a week. 
N.s. not significant. 
* p � o . os .  
increase of plaque free surfaces appeared for all 
brushing groups. Brushing once a week ult imately led to all 
surfaces being covered w ith plaque. The same was true for 
the non brushing control areas where many surfaces had the 
h ighest poss ible score 3. Comparison of the brush ing 
effects in the different brush ing groups (Table 1) showed a 
s ignif icant difference between the 3 times a week (B.E. 
3. 1 on the theoret ical poss ible scale from 6 to -6) and the 
1 1  7 
once a week brushing group (B. E .  0. 9 ) .  No significant 
difference was found between the 7 times a week b rushing 
group (B. E. 2 . 3 ) and the 3 times a week group. This was 
als o  the cas e for the 7 times a week brushing group and the 
once a week group. 
Gingival condition 
The frequency dis t ribution of the gingival index s cores 
for the various brushing groups at various time points is 








baseline 4 weeks 
--- 1 .. 
,.._ ... -
- -
7 3 1 0  7 3 1 0 
brushing frequency 
12 weeks 24 weeks 
7 3 1 0 7 3 1 0 
interproximal 
G.I. 
D o  
D 
0 2  
Fig. 3 Gingival index scores . Frequency distributions during 
the experimental period. 7 ,  3 and 1 indicate the frequency of 
brushing per week, 0 indicates the control group. 
At baseline all gingival units were inflamed and/or bled on 
probing. For the 3 and 7 times a week groups it took four 
weeks before there was a noticeable imp rovement in gingival 
health. Gingival health in the once a week group did not 
seem to improve during the experiment. The gingival 
condition of the control group remained unaltered du ring the 
experiment. 
Statistical analysis of the b rushing effects in the 
different b rushing groups as presented in Table revealed 
that there was a significant difference between the 7 times 
a week (B. E. 1.3 )  and the once a week b ru s hing group (B . E. 
0 .  3 l No significant difference was found between the 7 
times a week and the 3 times a week b rushing group (B. E. 
1 I 8 
l .  0 )  • There was also no sign ificant difference present 
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Fig. 4 Mean probing depths during the experimental period for 
the three brushing groups and the control group . The vertical 
lines indicate the standard deviations . 
Prob ing depth 
F ig . 4  shows the mean values for prob ing depth related to 
brush ing frequency . At basel ine ( week 0 )  mean prob ing depths 
were about 3 m ill i meters for the interproximal surfaces . The 
most dist inct change in prob ing depth seemed to take place 
in the 7 t imes a week brush ing group . 
The comparison of brush ing effects in Table 1 shows that 
no sign if icant differences in brush ing effect were found 
between the 7 times a week (B. E. = 0. 6 mm ) ,  3 t imes a week 
(B. E. 
mm ) . 
o .  5 mm ) and once a week brush ing group (B. E. 
Discussion 
- 0 . 2  
In th is experi ment art if icial periodontal defects were 
created by means of the placement of elast ic bands . After 
removal of the elastic bands these defects were allowed to 
heal for a period of 1 2  weeks . Th is procedure resulted i n  
periodontal defects of moderate depth . Jansen & Pilot ( 1 98 1 ) 
1 19 
showed that the mean probing depths of artificial 
periodontal defects that were created in a similar way 
remained constant after a healing period of 12 weeks. 
Furthermore, Jan s en ( 1983 ) found no acute inflammatory 
infiltrate in the deeper parts of artificial periodontal 
defects. The author concluded that during a period of 12 
weeks some healing occurs in the deeper part of the le sion, 
as a re sult of the removal of the subgingival plaque when 
the subgingival ligature s were removed. The s e  findings 
j us tify the conclusion that the created defects us ed in the 
pre s ent experiment can be regarded as stable defects with 
chronic gingival inflammation. It may therefore be 
speculated that brushing in relation to s uch a defect on ly 
influenc e s  the margin a 1 part of the gingival tis s u e s .  Any 
changes in the periodontal conditions will then be confined 
to the gingival tis s u e s .  
I t  was the aim o f  the pre s ent experiment t o  study the 
effect of different brushing frequencie s. The re s ults as 
shown in Fig. 3 indicate that both regimens of brushing 3 
and 7 time s a w e e k  ultimately lead to the re storation of 
gingival health in relation to the majority of interproximal 
surfaces. Statis tical analysis as pre s ented in Table 1, 
confirming the finding that brushing 3 and 7 tim e s  a w e ek 
was equally effective. However it can also be s e en from this 
table that a frequency of 7 time s a week was s uperior to 
once a week, while a frequency of 3 tim e s  a week brushing 
was not significantly better than once a week. On the basis 
of this analysis a brushing frequency of 7 time s a week, 
i. e. once daily, is advocated as the most effective in 
establishing and maintaining gingival health. However the 
results of the statistical analysis on the brushing effect 
(Table 1) should be interpreted with this in mind : Both 3 
and 7 time s a we ek brushing left some 2 5 %  of sites  that bled 
on probing after 24 weeks of brus hing (Fig. 3 ) .  The s e  
surfac e s  were confined mostly to the distal aspects of the 
fourth premolars, repre s enting areas that are difficult to 
clean without special attention or additional device s. 
Res idual plaque after brushing, although not as s ured by 
1 20 
d isc losing solut ion, can be he ld respons ib le for the 
rema in ing inf lammat ion. Furthermore, it may be specul ated 
that if comp lete p laque remova l had been estab l ished in a l l  
areas in both groups , a frequency of 3 t imes a week m ight 
a lso have shown adequate for obta ining g ingiva l hea lth in 
these moderate defects. 
The p robing depths in the control group remained almost 
unaltered dur ing the 2 4  weeks subsequent to basel ine, wh ich 
was itse lf 12 weeks after e last ic band remova l. So also w ith 
respect to probing depths the defects may indeed be termed 
stab le as reported by Jansen ( 1 982 ). 
From the present study it may be concluded that, in 
re lation to a non-acute exper imenta l disease entity such as 
a stab le artif icia l per iodonta l defect , brushing 7 t imes a 
week is super ior to 3 times a week in order to estab l ish and 
maintain g ing iva l hea lth. 
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Abstract 
CHAPTER 9 
FREQUENCY OF TOOTH BRUSHING AND 
HEALTHY OR INFLAMED GINGIVA* 
A histological study in the beagle dog model 
The aim of this experiment was to investigate whether 
differences that were seen clinically as a consequence of 
different brushing frequencies could be supported by 
histological observations. 
During a period of 8 weeks the gingivae in the upper j aws 
of 12 beagle dogs were brushed resulting in clinically 
healthy gingivae at the start of the experiment. In another 
group of 12 beagles an experimental gingivitis was created 
in the upper jaws during a pre-experimental period of 12 
weeks. At the start of the experimental period both groups 
were divided in three equal groups: one group was brushed 
daily , another group was brushed 3 times a week and the last 
group was only brushed once a week. All dogs were brushed at 
the right sides and no brushing at all was done at the left 
sides which served as controls. After 2 4  weeks all dogs were 
sacrificed. The histological sections were sub j ected to 
histometrical analysis. 
Data analysis resulted in significant differences between 
brushing frequencies only for the ICT-scores. These 
differences were in rather good agreement with the clinical 
results of the same experiments. The observed variations 
between the dogs are recommendation to use a computed 
brushing effect (compensating for variations between dogs) 
rather then absolute scores applying a statistical test. 
* Tromp, J.A.H. , Corba, N.H.C. & Jansen, J. ; submitted to the Journal 
of Periodontal Research. 
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Introd uction 
The present publication is part of a series of s tudies in 
which the influence of different frequencies of plaque 
removal on healthy gingivae, experimentally created gin­
givitis and artificial periodontal defects is observed. 
Clinical results indicated that brushing three times a week 
is sufficient to preserve gingival health (Tromp, Jansen & 
Pilot, 1986) .  But in experimentally created gingivitis, 
brushing seven times a week seemed to be superior to three 
times a week in order to establish clinically healthy 
gingivae (Tromp, Van Rijn & Jans en, 1986) . It may be 
wondered whether these clinica l resu lts are supported by 
histological obs ervations because several authors have 
reported histological signs of inflammation in gingival 
s pecimens that were judged clinically healthy, in humans 
(Zachris s on 1968, Zachris s on & Schultz-Haudt 1968, Payne et 
al. 1975, Seymour, Powell & Aitken, 1983) as well as in 
monkeys (Listgarten & Ellegaard 1973, Adams, Zander & Polson 
1979) and also in dogs (de Castro & Going 196 4 ,  AttstrOm 
1970, Schroeder et al. 1973, Attstrom, Graf-de Beer & 
Schroeder 1975) Others however reported about close 
correlations exis ting between clinical and histological 
observations. Oliver, Holm-Pedersen & Loe (1969) described a 
correlation between the Gingival Index and the histological 
signs of inflammation. Also Aeschlimann, Kaminski & Robinson 
(1980) reported that the Gingival Index can be correlated 
with the histological appearance of the gingival tis sues. A 
correlation between the size of the infiltrated connective 
tis s ue (ICT) and the state of clinical health was found by 
Schroeder (1970) and Carvel & Carr (1982) . Engelberger et 
al. (1983) found strong correlations between the papilla 
bleeding index and the size and intensity of the infiltrated 
connective tis s ue. 
The aim of the present experiment was to investigate 
whether differences that were seen clinically as a 
consequence of the different brus hing frequencies, could be 
s upported by histological observations .  
1 2 4 
Mat e rial and Methods 
Experimental design 
The upper jaws of 2 4  beagle dogs, at the start of the 
experiment two years of age, were subjected to the 
experimental conditions, from which the outline is shown in 
Fig. 1 .  
hHlthy glnglH t cleanlna ------� . 














Hperlmental aide brushing 7x, 3x or 1x/week 1----� 
control aide no brushing 
Fig. Outline of the experiment. 
The experimental phase of 2 4  weeks was preceded by a 
pre-experimental period lasting 8 weeks for one group of 
dogs and 12 weeks for another group. This phase started for 
all dogs with a thorough cleaning of the first, second and 
third premolars in the left and right sides of the maxilla, 
using pumice and a rubber cup. Subsequently daily brushing 
was executed during a period of 8 weeks, in order to 
establish in all upper jaws healthy gingivae. In one group 
of 12 dogs these 8 weeks were followed by a period of 4 
weeks in which all brushing was omitted in order to create 
experimentally gingivitis. 
At the start of the experimental period both the 12 dogs 
with healthy gingivae, as well as the 12 dogs with 
(experimental) gingivitis were divided into three groups of 
4 dogs each: one group was brushed seven times a week, 
another group was brushed three times a week and the last 
group was brushed only once a week. During this experimental 
period brushing was only executed at the right sides of the 
upper jaws. The left sides were not brushed and served as 
controls. All brushing was carried out by well trained 
dental students. No other aids than a soft tooth brush 
12 5 
(Butler 411, adult) were used to clean the teeth. During the 
whole period the dogs were fed a soft, plaque promoting diet 
as used by van Dij k  ( 1979) . At the end of the experimental 
period of 2 4  weeks the animals were sacrificed and prepared 
for histological analysis according to Van Dij k  (1979) and 
Jansen ( 1983). 
Histological preparation 
After 2 4  weeks 
pentobarbital. An 
to prevent blood 
the dogs were anaesthesized using sodium 
intravenous inj ection of heparin was given 
clotting. The thorax was opened and a 
in the left atr ium. The va scular system 
with saline followed by a fixative, 
grams of sodium chloride and 3 0 0 







of 9 0  
of glacial acetic acid in 10 liters of 1 0 %  
Segments of the j aws involved in the experiment were 
removed and sectioned into smaller blocks, containing the 
mesial and/or dis tal areas together with parts of the 
neighbouring teeth involved in the experiment . These blocks 
were fixed in a 10 % buffered formalin solution for two 
weeks, washed with tap water and decalcified in a solution 
of 2 5 %  formic acid and 10 % sodium citrate in water. After 
embedding in paraffin 7 µm thick sections were cut and 
stained with haemotoxylin and eosin according to Delafield. 
Histological measurements 
Three sections, 14 0 µm apart, were selected from the 
midsagittal section of each block. Micrographic colour 
slides were made and projected with a total magnification of 
70 on a Ferranti-Cetec digitiz er table connected to a 
Digital P. D. P. -11/0. 5 computer. 
126 
The following points were digitized (Fig , 2) 
Cemento Enamel Junction (CEJ). 
Apical Termination of the Junctional Epithelium (ATJE). 
Coronal Termination of the Junctional Epithelium (COTJE) . 
Most coronal extension of the alveolar bone oppos ing the 
Fig. 2 Schematic representation of the reference points used 
for histometrical assessments . 
C .E.J .  Cemento Enamel Junction. 
CO.T.J.E.  Coronal Termination of Junctional Epithelium. 
A.T. J .E.  Apical Termination of Junctional Epithelium. 
Bone Most coronal extension of the alveolar bone, opposing 
the root surface. 
I.C.T.  Infiltrated Connective Tissue, calculated as I/ (I + 
II) X 100\ .  
root surface . 
These points were then proj ected on a tangent along the 
root surface which parallels the vert ical ax is . The 
following d istances between those po ints were calculated : 
ATJE-COTJE , 
ep ithelium . 
representing the length of the j unct ional 
ATJE-CEJ, 
ep ithel ium . 
representing the ap ical migrat ion of 
Bone - CEJ , giving an indication of the level of alveolar 
bone . 
The size of the Inf iltrated Connective Tissue ( ICT ) was 
calculated as follows ( F ig .  2 ) . The interdental pap i lla 
between two neighbouring teeth was div ided into two port ions 
of equal w idth , the base being the surface of the alveolar 
bone . For ICT the next criteria , also appl ied by Garant & 
Cho ( 1 9 7 9 )  and Greenste in , Caton & Polson ( 1 9 8 1 ) , were used : 
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Presence of inflammatory cells. 
A cell rich, collagen poor connective tissue. 
Vascularisation, the presence of enlarged blood vessels. 
The size of the infiltrated part of the connective tissue 
in each portion was computed and expressed as a percentage 
of the total interdental connective tissue area. 
Data analysis 
For both the experimental gingivitis and the healthy 
gingiva group means and standard deviations were calculated 
of the registered distances and percentages ICT per brushing 
group and for all control sides togethe r. 
Subsequently for each dog a histological brushing effect 
was calculated. A histological brushing effect can be 
described as a figure indicating the effect of brushing in a 
dog as expressed by histological data after corrections are 
made with regard to values of these data in the 
the control side. This histological brushing 
calculated as : 
same dog at 
effect was 
Histological Brushing Effect = s (E) - s (C) 
where s (E) denotes the measurement made on the exper imental 
side and s (C) the measurement made at the control side. In 
our previous studies the Brushing Effect included also 
corrections for baseline values. Such data were however not 
available for the histological analysis in the present 
experiment. 
A comparison of the differences between the histological 
brushing effects of the different brushing groups was made 
using a Student ' s  t-test for two independent samples, p ,;; 
0. 05  being the level of significance. Using the histological 
brushing effects a trend test was 
0. 05  as the level of significance. 
positive when the values in the 
group indicated the most healthy 
applied, again with p ,;; 
A trend was regarded as 
7 times a week brushing 
situation, in the once a 
week brushing group the least healthy situation, with 
intermediate values in the three times a week brushing 
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group . 
Res u l ts  
Healthy Gingivae as baseline 
Description of histological morphology: 
Figure 3 gives an example representing the histological 
condition in the seven times a week brushing group . Rete 
pegs were never found . Only a few inflammatory cells were 
present subjacent to the junctional epithelium . The three 
times a week brushing group showed an aspect comparable to 
seven times a week brushing (Fig . 4) The presence of many 
dilated blood vessels was remarkable and distinguished this 
brushing group ' s  specimens from the former group . A more 
extensive inflammatory reaction was seen in the once a week 
brushing group (Fig . 5). The zone of infiltrated connective 
tissue was still limited to an area adjacent to the 
thickened epithelial lining of the pocket . Again rete pegs 
were not visible . In the control group rete pegs were 
present (Fig. 6 ) . In contrast to the brushing groups the 
area of the infiltrated connective tissue was here not 
limited to an area near the gingival margin and adjacent to 
the junctional epithelium, but extended in many instances 
also in an apical direction to the apical termination of the 
junctional epithelium (ATJE) and in the d irection of the 
central part of the papilla. 
Lymphocytes and plasma cells were predominantly seen in 
the ICT. In the control group a few polymorfonuclear 
leukocytes (PMN ' s) were always present in the intercellular 
spaces of the junctional epithelium . 
In no specimens of th is part of the exper iment loss of 
attachment was found (Fig. 3, 4, 5, 6). 
Data analysis 
The mean values and standard deviations of the healthy 
gingiva experiment are presented in Table 1. As can be seen 
comparable values were found for the mean distances in all 
brushing and control groups. The mean values for ICT were 






from a dog with clinically healthy gingiva at 
after 24 weeks of daily brushing. Magnification 
3B Higher magnification ( 120x) of an area in the same specimen 
(see insert in figure 3A) . 
Note the absence of rete pegs and the presence of only a few 
inflammatory cells. 
Fig. 4 
4A Specimen from a dog with clinically healthy gingiva at 
baseline, after 24 weeks of brushing 3 times a week. 
Magnification 48x . 
4B Higher magnification (192x) of the same specimen (see insert 
in figure 4A) . 
In this specimen many dilated blood vessels are present.  The 
intercellular spaces of the junctional epithelium are widened as 
compared to the 7 times a week brushing group. 
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Fig. S 
SA Specimen from a dog 
baseline, after 24 
Magnification 48x. 
SB Higher magnification 
in figure SA) . 
An inflammatory reaction, 
the thickened epithelial 




of brushing once 
gingiva at 
a week. 
{120x) of the same specimen (see insert 
however limited to an area adjacent to 
lining of the pocket can be observed. 
Fig. G 
GA Specimen from a dog with clinically healthy gingiva at 
baseline, after 24 weeks of no brushing. Magnification 48x. 
GB Higher magnification (120x) of the same specimen (see insert 
in figure GA). 
In contrast to figure 5 in this specimen rete pegs can be 
observed. 
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Healthy Glnglva 
Mean valuea and atandard davlatlone for the different bruahlng groups. 
Frequency of 
A.T.J.E.- CO.T.J.E. A. T.J.E.-C.E.J. bone - C.E.J. 'li, I.C.T. brushing 
7x/w 0.78 ! 0.38 0.00 ! 0.02 0.70 ! 0.15 5.30 ! 3.89 
3x/w 1.12 ! 0.43 0.00 ! 0.00 0.68 ! 0.19 13.41 ! 4.81 
1x/w 0.69 ! 0.39 0.00 ! 0.00 0.67 ! 0.28 41.65 ! 13.09 
0x/w 0.63 ! 0.40 0.01 ! 0.06 0.70 ! 0.24 35.63 ! 15.87 
Table 1 All distances are calculated in millimeters. 
For explanation of the abbreviations see legends of Figure 2 .  
Healthy Glnglva 
Reaulta of atatlatlcal enalyela on hlatologlcal bruehlng effecta. 
Frequency of 
bruahlng A.T.J.E.- CO.T.J.E. A.T.J.E.-C.E.J. bone - C.E.J. 'li, I.C.T. 
7 - 3 
7 - 1 









n.a. n.a. n.a. n.a. 
n.a. n.a. n.a. * 
n.a. n.a. n.a. * 
n.a. n.a. n.a. * 
Explanation of the symbols : 
Comparison between brushing 7 times and 3 times a week. 
Comparison between brushing 7 times and once a week. 
Comparison between brushing 3 times and once a week. 
Results of a trend test,  being positive when values 
in the 7 times a week brushing group indicate the most 
healthy situation, in the once a week brushing group the 
least healthy situation, with intermediate values in the 
three times a week brushing group. 
Not significant. 
p !, o . os .  
increasing with decreasing brushing frequency. The once a 
week brushing groups and the control group s howed about the 
same ICT scores. The res ults of the s tatistical ana lys i s  
(Table 2) conf i rm the impres sion given by the scores f rom 
Table 1 .  No s ignificant differences were found fo r the 
distances ATJE-COTJE , ATJE-CEJ and Bone Level-CEJ between 
the b rushing 
significant 
groups. 
pos it ive 
With 
trend 
rega rd to 
was found . 
the 
A l so 
!CT-s cores a 
s ignificant 
differences for ICT were found between the 7 times and once 
a week brushing group s  and between the 3 times and once a 
134 
week brushing groups . No significant differen ces were found 
between the 7 and 3 times a week brushing groups . 
Experimental gingivitis 
Des cription of histological morphology : 
In Figure 7 the histological condition of the seven times 
a week brushing is illustrated. The specimen s showed s ome 
scattered in flammatory cells ,  subjacently to the junctional 
epithelium, that showed some minor rete peg formation. The 
Fig. 7 
7A Specimen from a dog with gingivitis at baseline, after 24 
weeks of daily brushing. Magnification 4Bx. 
7B Higher magnification (192x) of the same specimen (see insert 
in Figure 7A) • 
Note the presence of some scattered inflammatory cells and minor 
rete peg formation. 
three times a week brushing group had a comparable 
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histo logic appearance (Fig. 8): 
was more obvious , es pecia l ly 
the presence of 
in the margina l 
inf lammation 
papi l la that 
cons isted main ly of 
d i lated b lood ves s e l s. 
rete pegs , inf lammatory ce l l s  and 
A more extensive inf lammation is s een 
in the once a week brushing group (Fig. 9)  characte rized by 
a large r number of inf lammatory ce l l s  and the p res ence of 
many di lated b lood ves s e l s . The cont ro l group showed in a l l  
aspects signs of a pe rsisting experimenta l gingivitis (Fig. 
10) : a large area of infi ltrated connective tis s ue ,  with 
di lated blood ves s e l s  and inf lammatory ce l ls, rete pegs and 
discontinuities of the epithe lia l lining of the pocket wa l l. 
The inf lammatory reaction was in a l l s pecimens of the 
brushing groups confined to the gingiva l margina l area and 
the area subjacent to the junctiona l epithelium. In the 
control group however the central part of the papi l lae in 
the supracresta l  area were also affected: los s of co l lagen 
structure and the presence of scatte red inf lammatory ce l l s. 
The inf lammatory connective tis s ue (ICT) consis ted main ly 
of lymfocytes and p lasma ce l l s .  In the cont ro l group 
polymorfonuc lear leukocytes (PMN ' s ) were present in large 
numbe rs in and around the capi l laries of the subepithe lial 
plexus. 
Neither in the brushing groups , nor in the cont rol group 
los s of attachment was obse rved (Fig. 7 ,  8, 9 ,  10) . 
Data ana lysis: 
The mean values and standard deviations of the 
experimenta l gingivitis group are shown in Tab le 3. Again 
almost equa l va lues were found for the dis tances in a l l  
brushing groups. A s  in the healthy gingivae the ICT-va lues 
were again increasing with dec reasing brus hing 
No differences in ICT-scores s eemed to exist 
frequencies. 
between the 
once a week brushing group and the cont rol group. 
In comparison with the resu lts from healthy gingiva 
(Tab le 1) the value s  from ATJE-CEJ and ICT seemed to be 
structural higher in the experimental gingivitis group. 
The res u lts from the statistical analysis are presented 
in Tab le 4. No significant differences were found between 
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Fig. B 
BA Specimen from a dog with gingivitis at baseline, after 24  
weeks of brushing 3 times a week. Magnification 4Bx. 
BB Higher magnification (120x) of the same specimen (see upper 
insert in Figure BA) • 
BC Higher magnification (192x) of the same specimen (see lower 
insert in Figure BA) . 
Compared to Figure 7 in this specimen the presence of 
inflammation is more obvious, especially in the marginal papilla 
(Figure 8B) where leucocytes in the intercellular spaces of the 
sulcular epithelium can be observed. 
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Fig. 9 
9A Specimen from a dog with gingivitis at baseline, after 24 weeks of 
brushing once a week. Magnification 48x. 
9B Higher magnification (120x) of the same specimen (see insert in Fig. 
9A) . 
Note the presence of many blood vessels and inflammatory cells. 
Fig. 10 
lOA Specimen from a dog with gingivitis at baseline, after 24 weeks of 
no brushing. Magnification 48x. 
10B Higher magnification (120x) of the same specimen (see insert in Fig. 
l OA). 
A severe inflammation, also in 
supracrestal area, is present. 
connective tissue, the many 
discontinuities in the epithelial 
the central part of the papilla in the 
Note the large area of infiltrated 
dilated blood vessels and the 
lining of the pocket wall. 
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Experimental gingivitis 
Mean values and etandard deviation• for the different bruehlng groups. 
Frequency of 
brushing A.T.J.E.- CO.T.J.E. A.T.J.E.-C.E.J. bone - C.E.J. 'lr, l,C.T. 
7x/w 0.44 ± 0.43 0.03 ± 0.08 0.79 ± 0.31 2.29 ± 1.42 
3x/w 0.73 ± 0.37 0.01 ± 0.04 0.88 ± 0.2 1 5.88 ± 3.7 1 
1 x/w 0.81 ± 0.41 0.07 ± 0.25 0.77 ± 0.27 1 3.34 ± 8.41 
0x/w 0.83 ± 0.41 0.08 ± 0.1 5  0.80 ± 0.28 1 7.114 ± 1 2.48 
Table 3 All distances are calculated in millimeters. 
For explanation of the abbreviations see Figure 2 .  
Experimental 9ln9Mt1• 
Result• of statlstlcal analyele on hlatologlcal bruahln11 effecte. 
Frequency of 
brushing A.T.J.E.- CO.T.J.E. A.T.J.E.-C.E.J. bone - C.E.J. ,r, I.C.T. 
7 - 3  n.e. n.e. "··· n.a. 
7 - 1 n.a. n.a. n.e. "··· 
3 - 1 n.e. n.a. n.a. "··· 
trend n.a. n.a. n.a. * 
Table 4 For explanation of the symbols see Table 2. 
the brushing groups, neither for the distances, nor for the 
ICT-scores. Only the presence of a significant posit ive 
trend with regard to ICT -scores was found, ind icating 
highest ICT values in the once a week brushing group, lowest 




7 times a week brushing group and 
in the three times a week brushing 
The aim of the present study was to f ind out whether 
different frequencies of brushing resulted in differences in 
histological appearance in a beagle dog model with gingivae 
that were at baseline either healthy or inflamed. 
Clinically healthy gingiva at baseline resulted after 
twenty 
1 4 0  
four weeks of daily brushing in a histological 
appearance that was characterized by a junctional epithelium 
without rete pegs formation, a gingival connective tis s ue 
consisting of well structured collagen fibre bundles and by 
the presence of only few isolated inflammatory cells within 
the junctional epithelium and the adjacent connective 
tis s ue. Such obs ervations, including the isolated PMN ' s  are 
in agreement with results from several authors (Zachri s s on & 
Schultz-Haudt 1968, Schroeder et al. 1973, AttstrOm et al. 
1975, Lindhe et al. 1978). After a period of six months 
twice daily application of chlorhexidine Schoeder et al. 
(1973) still found small fractions of infiltrated connective 
tis s ue in gingival specimens that fulfill all clinical 
requirements of health. AttstrOm et al. (1975) found after a 
period of three months polishing three times a week followed 
by a period of three weeks daily cleaning a junctional 
epithelium without rete pegs, presence of homogeneous 
collagen fiber bundles and also a few isolated inflammatory 
cells in the junctional epithelium and the adjacent 
connective tis s ue. Lindhe et al. (1978) reported the 
pos sibility 
shifted, by 
weeks, to a 
that chronically 
cleaning twice a 









from a histological point of 
view is almost identical to a gingiva which has never been 
exposed to gros s plaque accumulation. During this period of 
time the infiltrated connective tis s ue disappeared almos t  
completely and was replaced by collagen. The rete pegs 
however remained and also the vas cular content remained 
higher than in gingivae that had never been inflamed before. 
This latter observation of Lindhe et al. (1978) is in 
agreement with our results in the s even times a week 
b rushing group in the experimental gingivitis-part of the 
s tudy. 
The second obs ervation in the pres ent study is that 
histological signs of inflammation were more severe when 
brushing was performed in lower frequencies or not at all. 
The histological appearance in the once a week brushing 
group and the control group were very much alike. Severa l  
14 1 
authors have reported histological observations of the 
periodontal tissues after different periods of plaqu e 
accumulation, a situation that is comparable to the control 
group in the present study (Lindh e, Hamp & L O e  1973, Lindhe 
et al. 1974, Lindhe, Hamp & LO e 1975, Lindh e & Rylander 
1975, Schroeder, Graf-de Beer & AttstrOm 197 5 ) .  The results 
of Lindhe et al. (1974 ) ,  Lindh e & Rylander (1975 )  and 
Schroeder et al. (1975 )  indicate that already after a short 
period of time signs of inflammation can be present that are 
comparable to our findings after a pe riod of 24 we eks. After 
6 months of plaqu e accumulation, a period that corresponds 
with the experimental period in the present study Lindhe et 
al. ( 197 5 )  found infiltrated connective tissue, the siz e of 
which varied considerably. In our specimens never any signs 
of periodontal breakdown was found. Literature reveals that 
periodontal 
attachment, 
al. 197 3 ) .  
breakdown, i. e. loss of subgingival fibre 
can be expected only after 18 months (Lindhe et 
When absolute scores, as pre sented in Table and 3, are 
considered the higher ICT-scores in groups from the healthy 
gingival group compared to groups with the same brushing 
frequency in the experimental gingivitis group are obvious. 
This unexpected finding is probably caused by great 
individual differences in susceptability to inflammation 
between the dogs, that strongly influence the mean scores. 
This interdog variation has frequ ently been reported in the 
literature (Hull, Soame s  & Davies 1974, Lindhe et al. 1975, 
Lang et al. 1979, Sorensen, LO e & Ramf j ord 1980, Page & 
Schroeder 1981 ) .  
Therefore this phenomenon 
again stresses the need to 
of betwe en 
look only 
corrections have been made for the control 
dogs variations 
at score s  after 
sides and/or (if 
possible )  the baseline situations, rather then looking at 
uncorrected absolute score s. 
Analysis of the histometrical data showed in the healthy 
gingiva group after 2 4  we eks a similar healthy situation in 
1 4 2  
the seven and three times a week brushing group s ( Table 3 ) . 
For the experimental ging i v it i s  group s brushing seven t imes 
a week res ulted in the most healthy appearance (Table 4 ) . 
These results are in agreement with the cl inical data 
analys i s  ( Tromp et al . 19 8 6  a & b ) . Thi s  ind icates that the 
ICT-measurements are a rel iable criterium to as sess the 
degree of inflammat ion . S im ilar find ings 
by Zachris son & Schultz -Haudt ( 19 6 8 ) , 
have been reported 
Schroeder ( 19 70 ) , 
Garant & Cho ( 19 7 9 ) , and Greenste in et al . ( 19 8 1 ) . 
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CHAPTER 10 
HISTOLOGY AND TOOTH BRUSHING IN ARTIFICIAL PERI ODONTA L 
DEFECTS IN BEAGLE DOGS *  
Abstract 
This invest igat ion was des igned to compare the ef fect o f  
d i f ferent frequencies o f  tooth brush ing in both acute and 
stable arti f icial per i odontal defects using histometr ical 
and histopathological cr iteria . 
In 24 beagle dogs per iodontal defects were created us ing 
elastic bands placed in the sulci below the g ing i val marg in 
after hav ing cut the dentog ing i val f ibres to the level o f  
the alveolar bone . I n  one group o f  1 2  dogs th is techn ique 
resulted immediately after remo val of the elast ic bands in 
acute periodontal defects . In the other group o f  1 2  dogs the 
defects were left und isturbed during 1 2  weeks after remo val 
o f  the elast ic bands result ing in s·table per iodontal 
de fects . S i x  premolars in the lower jaw were used ( 2 P2 ,  3 P 3 , 
4 P4 ) . Both groups o f  1 2  dogs were then d i v ided in three 
groups o f  f our dogs each . Each group was brushed with a 
certa in frequency , i . e .  7 times , 3 times or once a week . The 
contralateral sides served as controls . A fter 24 weeks the 
dogs were sacr i f iced . The histol ogical sect ions were 
subj ected to histometrical and histopathological analys is . A 
histolog ical brush ing effect was calculated . Both the 
histometrical results o f  the inf iltrated connect i ve tissue 
as well as the histopatholog ical features indicate that 






situat ion . D i f ferences 
are best 
defects and are 








* Corba N.H.C. , Tromp , J .A .H. & Jansen, J . ; submitted to the Journal 
of Periodontal Research. 
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using an experimental 
procedures it is of 
of plaque and plaque 
defects under study. 
animal model to evaluate 
importance to know the 
removal on the periodontal 
In previous clinical studies (Corba, Jansen & Fidler, 
1 9 8 6 ;  Corba, 
frequencies 
Jansen & Pilot, 1 9 8 6 )  the results of different 
of tooth brushin g  on both acute and stable 
artificial 
presented. 
periodonta 1 defects in beagle dogs were 
Based on clinical parameters it was concluded that for 
both types of defects a brushin g  f requency of 7 times a week 
is superior to 3 times a week and once a week in 
establishing and maintaining gin gival health. When treatment 
procedures in experimental animals are histologically 
evaluated, detailed histological information on the effect 
of plaque removal should be available. Therefore the present 
study was undertaken to compare the effect of different 
frequencies of tooth brushin g in both acute and stable 
artificial periodontal defects usin g histometrical and 
histopathological criteria. 
Ma t e ri a l  and  me thods 
Animals 
Twenty-four beagle 
During the experiment 










age were used. 
on a diet which 
was supplied ad 
The design of the experiment is shown in Fig. 1 .  At first 
the 2 4  dogs were randomly divided into 2 groups of 12 dogs 
each. In one group 6 weeks before the start of the 
experiment (baseline) periodontal defects were created using 
orthodontic elastic bands (Unitek, En glewood Cliffs N. I. 1 / 8  
inch). These 
the gin gival 
148 
elastic bands were placed in 
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), after having cut the dentogingival fibres to the 
level of the alveolar bone. At baseline the elastic bands 
were removed. 
In the other group 18 weeks before the start of the 
experiment periodontal defects were created by the same 
procedure as mentioned above. Twelve weeks before baseline 
the elastic bands were removed and the created defects were 
left undisturbed during the next 1 2  weeks of the 
experimental period. In both groups no brushing was carried 
out. 
In this way two different kinds of periodontal defects 
were available at the start of the experiment. One group of 
1 2  dogs with periodontal defects immediately after removal 
of the elastic bands (acute periodontal defects) and another 
group of 1 2  dogs with periodontal defects after 1 2  weeks of 
healing (stable periodontal defects) . 
Each group of 1 2  dogs was randomly divided into 3 groups 
of 4 dogs each. For the lower right premolar area the 
following regimen of tooth brushing was instituted: group 
was brushed 7 times a week, group 2 was brushed 3 times a 
week and group 3 was brushed once a week. The contra lateral 




dogs were brushed by two 





modified Bass method of brushing. No aids for interdental 
cleaning were used since dogs usually do not have 
interproximal contact points in the area under study. The 
experimental period lasted for 24 weeks. 
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H istological preparat ion of t issues 
At week 2 4  the dogs were sacrifi c ed and prepared for 
h istological analys is us ing the method desc ribed by Van D i j k  
( 1 9 7 9 ) . The an imals were anaesthes ized w ith sod ium 
pen tobarbital and 
to prevent blood 
canula was placed 
given an intravenous i n j e c t ion of heparin 
clott ing . The thorax was opened and a 
i n  the left atrium . The vascular system 
was then 
consist ing 
m illil iters 
formal in . 
perfused with saline 
of 90 grams of 
of glac ial ace t i c  
followed by a 
sodium chloride 
fixative ,  
and 300 
ac id in  10 liters of 10 % 
Segments of the j aws involved in the experiment were 
into smaller blo c k s ,  fi xed in a 10 % removed , sec t ioned 
buffered formali n  solut ion for two weeks , washed w ith tap 
water and decalc ified in a solut ion of 2 5 \  form i c  ac id and 
10 % sodium c itrate in  water . After embedd ing in paraff i n , 
sect ions of 7 µm were cut and stained w ith haematoxylin  and 
eosin ac cord ing to Delaf ield . 
Registrations 
Three sec tions 140  µm apart were selected from the 
midsag ittal reg ion of each in terprox imal bloc k .  Micrograph i c  
colour sl ides were made and pro j ected w ith a total 
magn ificat ion of 70  on a Ferrant i - Cetec digit izer table 
connected to a D igital P . D . P . -1 1 /0 . 5 computer. 







d istan ce 
The mean 
Cemento-enamel j un c t ion . 
Coronal term i nat ion of the junct ional ep ithel ium . 
Apical term i nat ion of the j unctional ep ithel ium . 
Most coronal extens ion of the alveolar bone 
oppos ing the root surfac e .  
po i nts 




the projec ted 
on a tangent along the 




of the three sect ions was 
were t hen computed . 
taken for further 





Fig. 2 Schematic representation 
of the reference points used for 
histometrical assessments. 
Fig. 3 Relative size of the in­
filtrated connective tissue area: 
I.C. T. = [I/ (I+II) ] x 100% 
C. E. J. Cementa Ename 1 Junc­
tion. 
CO.T. J.E. Coronal Termination of 
Junctional Epithelium. 
A. T. J.E. Apical Termination of 
Junctional Epithelium. 
B Most coronal extension 
of the alveolar bone, 
opposing the root sur­
face. 
COTJE to ATJE 
CEJ to ATJE 
BONE to CEJ 
Length of junct ional ep ithe l i um. 
Loss of attachment .  
Quantity of bone loss. 
Furthermore the s i z e  of the inf i ltrated connect ive tissue 
(ICT) was ca lculated as described by Jansen ( 19 8 3 l • 
Therefore the interdenta l papi l la between 2 neighbour ing 
teeth was divided into 2 portions of equa l width, the base 
being the surface of the a lveolar bone (F ig. 3) . The s i z e  of 
the inf i ltrated part of the connective tissue in each 
port ion was computed and expressed as a percentage of the 
total interdenta l connect ive tissue area. The value of ICT 
was expressed as the mean of the percentages of the three 
selected sections. 
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A h istopathological qual i f icat ion was described us ing the 
follow i ng criteria : 
Presence and continuity of an ep ithelial l i n ing of the 
defect . 
Type o f  epithel ial lin ing of the defect : pocket 
epithel ium or j unct ional epithel ium . 
Types and local isation of in flammatory cells . 
Structure and organ i zat ion of the connective tissue 
f ibres at the root surface and in the supra crestal area . 
Data analys is 
Means and standard deviations were calculated for the 
d i f f erent d istances and for the percentage of ICT in each 
brushi ng group and the control group . 
For hypothes is test ing a histolog ical brush ing ef fect was 
calculated for every dog as : 
H . B . E .  
where s (E
2 4
) denotes the measurement made at week 2 4  on the 
experimental side of the mouth and s ( c
2 4
) denotes the 
measurement made at week 2 4  on the same pos it ion on the 
control side of the mouth . 
For each dog the mean histolog ical brush ing e f fect was 
calculated for the d i f ferent d istances and the quantity of  
ICT . All comparisons were accompl ished by Student ' s  t-test 
for two i ndependent samples . Presented critical levels o f  
sign i f icance are those of  one-ta iled random i z ation tests 
(Edg inton 1980) ; the nom inal level of s ign i f icance was set 
at 0 . 0 5 . 
Using the h istolog ical brushi n g  e f fect a trend test was 
appl ied , again with p � 0 . 05  as the level of s ign i f icance . A 
trend was regarded as pos itive when the values in the 7 
t imes a week brushing group ind icated the most healthy 
situat ion , in the once a week brushi ng group the least 
healthy situat ion , with intermediate values in the 3 times a 
week brushi ng group . 
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Res u l ts  
Results will be presented for the two different 
experimental entities, namely acute and stable periodontal 
defects referring to the two different baseline situations 
2 4  weeks before histological observations . 
Histometrical results 
The mean distances and the mean ICT inc luding the 
standard deviations per brushing frequency for the acute 
periodontal defect are shown in Table 1. The length of the 
junctional epithelium (ATJE-COTJE) did not seem to differ 
much in the various brushing groups. The control group (0 x) 
showed the smallest distance ( 0 .  7 9 mm + 0 .  4 5 )  • Loss of 
attachment (ATJE-CEJ) seemed to be the smallest in the 7 
times a week brushing group (0. 84 mm + 0. 35). The same was 
true for the amount of "bone loss" (BONE-CEJ): 1. 50 mm 
+ 0 . 4 2 in the 7 times a week brushing group. The amount of 
ICT seemed to increase with decreasing brushing frequency. 
The highest value was present in the control group (4 2 . 2 % + 
2 2 . 34) • 
Acute perlodontal defect• 
Mean value• and atandard deviation• for the different bruahlng groupa. 
Frequency of A.T.J.E.-CO.T.J.E. A. T.J.E.-C.E.J. bone - C.E.J. \II, 1.C.T. 
bruahlng 
7x/w 1.04 ±0.49 0.84±0.35 1.501:0.42 1 1.81 !10.12 
3x/w 1.15 ±0.83 1.28 t0.47 1.IIU0.47 1 2.84 i 10.02 
1x/w 1.14 !0.48 1.02 t0.111 1.llllt 0.85 38.25 t 1 1.01 
0x/w 0.711± 0.45 0.11510.81 1.8 1 ± 0.55 42.20 ±22.34 
Table 1 
A. T. J.E. 
Co. T. J.E. 
C.E. J. 
BONE 
Explanation of the symbols: 
r .c .T .  
Apical Termination of Junctional Epithelium. 
Coronal Termination of Junctional Epithelium. 
Cementa Enamel Junction. 
Most coronal extension of the alveolar bone, opposing 
the root surface. 
Infiltrated Connective Tissue. 
All distances are calculated in millimeters. 
1 53 
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Stable perlodontal defects 
Mean values end standard deviations for the dlffarent brushing groups. 
Frequency of A. T.J.E.-CO. T.J.E. A. T,J,E.-C.E.J. bone - C.E.J. 'I, I.C.T. 
bruahlng 
7x/w 1 .07±0.48 1.43± 0.49 2.09± 0,49 12.72± 7.79 
3x/w 0.98±0.45 1.43 ±0.71 2.21:!: 0.78 27.55 ± 19.72 
1x/w 0.53± 0,34 1.38 ±0.90 2.18±0,84 58.98 ± 17 .20 
0x/w 0.118± 0.40 1.38±0.113 2.13± 0.82 80.25 ±20.4 1 
Table 2 For explanation of the symbols see Table 1. 
Acute perlodontal defects 
Results of st11tlatlc11I anelysls on hlstologlcel brushing effects 
Frequency of A.T.J.E.- CO.T.J.E, A.T.J.E.- C.E.J. bone -C.E.J. 'I, l,C.T. 
brushing 
7 - 3 
7 - 1 







n.s. n.e. n.s. n.a. 
n.a. * n.a. n.a. 
n.a. n.a. n.a. n.s. 
n.s. n.a. n.a. n.a. 
Explanation of the symbols: 
Comparison between brushing 7 times and 3 times a week. 
Comparison between brushing 7 times and once a week. 
Comparison between brushing 3 times and once a week. 
Results of a trend test, being positive when values in 
the 7 times a week brushing group indicate the most 
healthy situation, in the once a week brushing group 
the least healthy situation, with intermediate values 
in the three times a week brushing group. 
N. S. Not significant. 
* p � 0. 05. 
For further explanation of the symbols see Table 1. 
Stable perlodontel defects 
Reaulta of statlatlcal analysla on hlstologlcel brushing effects 
Frequency of 
A. T.J.E.-CO. T .J.E. A.T.J.E.-C.E.J. bone-C.E.J. brushing 
7 - 3  n.a. n.a. n.e. 
7 - 1 "··· n.s. n.a. 
3 - 1 n.s. n.a. n.s. 






Table 4 For explanation of the symbols see Table 3. 
Table 2 shows the mean distances and the mean ICT 
including the standard deviations per brushing group for the 
stable periodontal defect . There seemed to be an increasing 
length of junctional epithelium (ATJE-COTJE) when the 
brushing frequency was increasing (1. 07 mm + 0 . 4 8 for the 7 
times a week brushing group) .  Differences between the 
brushing groups in loss of attachment (ATJE-CEJ) and b one 
loss (BONE-CEJ) did not seem to be present . With decreasing 
brushing frequency the amount of ICT seemed to increase. 
Table 3 shows that for the acute periodontal defect only 
a significant 
brushing effect 
between the 7 
difference was present in histological 
according to loss of attachment (ATJE-CEJ) 
times a week and the once a week brushing 
group . All other comparisons of brushing effects were not 
statistically significant . 
Table 4 shows the comparison of histological brushing 
effects for the stable defect . Only the brushing effect as 
expressed in the amount of ICT showed significant 
differences between all brushing groups . 
Histopathological observations 
There were only minor differences between the two 
experimental entities 
in each brushing 
(acute and stable periodontal defects) 
group. However, differences of the 
histopathological appearance between different brushing 
frequencies were more pronounced . 
7 times a week brushing group (Figs . 4 and 5 ) .  
The connective tissue o f  the gingiva o f  both the acute 
periodontal defect and the stable defect showed a rather 
healthy appearance . In the acute periodontal defect there 
was still some minor rete peg formation in the area of the 
junctional and sulcular epithelium . The stable defect showed 
thickening of the cell-layers of the junctional epithelium . 
The connective tissue of the gingiva consisted of a very 
dense concentration of collagen fibres . The dentogingival 
fibres in most specimens showed 
perpendicular to the root surface . 
a normal orientation 
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Fig. 4 Specimen of an acute 
periodontal defect at baseline, 
after 24 weeks of brushing 7 times 






Fig. 5 Specimen of a stable 
periodontal defect at baseline, 
after 24 weeks of brushing 7 times 
a week. Magnification 48x. 
A small amount of new cellular cementum was present in 
most specimens of both groups and new fibrillar type of bone 
was formed in the area opposite the root surfaces and in the 
central crestal region . Some inflammatory cells were present 
in the intercellular spaces of the epithelium and in the 
underlying connective tis s ue. These inflammatory cells were 
mainly lymfocytes. 
In many cases there was an area of root resorption 
present in the area of the junctional epithelium. 
3 times a week brushing group (Figs . 6 and 7). 
The gingiva of both kinds of defects had a les s  healthy 
appearance than thos e  in the 7 times a week group. The 
junctional epithelium showed frequently enlargements. The 
connective tis s ue fibre concentration was dense and showed a 
normal fibre orientation. Apical to the apical termination 
of junctional 
s pecimens and 
s tructure had 
epithelium new cementum was present in most 
some new bone of a non lamellar or woven 
formed. There were some inflammatory cells 
present along the junctional and sulcular epithelium, mainly 
consis ting of lymphocytes and plasma cells . The gingival 
blood ves sels were more clearly enlarged than compared to 
the 7 times a week brushing group. 
Once a week brushing group (Figs. 8 and 9). 
In both kinds of defects there seemed to be more rete peg 
formation, vascular enlargement and supracres tal infiltrated 
connective tis s ue than in the 3 times a week and 7 times a 
week brushing groups. The connective tis s ue underlying the 
pocket epithelium seemed to harbor cons iderably more 
inflammation cells than the connective tis s ue underlying the 
junctional epithelium. The supracres tal part of the 
connective tis s ue was still intact and showed a normal fibre 
orientation. 
Both new cementum and new bone was present in many 
s pecimens. 
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periodontal defect at baseline, 
after 24 weeks of brushing 3 times 
a week. Magnification 48x. 
1 5 8  
7 
periodontal defect at baseline, 
after 24 weeks of brushing 3 times 
a week. Magnification 4Bx. 
Fig. 8 Specimen of an acute 
periodontal defect at baseline, 
after 24 weeks of brushing once a 
week. Magnification 48x. 
Fig. 9 Specimen of a stable 
periodontal defect at baseline, 
after 24 weeks of brushing once a 
week. Magnification 4Bx. 
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Fig. 10 Specimen of an acute Fig. 1 1  Specimen of a stable 
periodontal defect at baseline, periodontal defect at baseline, 
after 24 weeks of no brushing. after 24 weeks of no brushing. 
Magnification 48x. Magnification 48x. 
1 6 0 
Control group ( F igs . 10 and 1 1 ) .  
In the control 
marked rete peg 
group the epithel ial lin ing showed a 
format ion which invaded deeply into 




j unctiona l epithel ium present . Some d iscontinu it ies of the 
ep ithel ium could be not iced . The connect ive tissue structure 
was mostly collagenpoor and densely inf iltrated with 
lympho id cells . Numerous enlarged blood vessels were present 
throughout the gingival connect ive tissue . Infiltrated 
connect ive t issue also extended to the supracrestal reg ion , 
however in the ma jority of specimen a zone of normal f ibre 
orientation could be observed . New cementum and evidence of 
new bone format ion was always present . 
D i s c u ss i on 
In the present study 
histopatholog ical features in 
periodontal defects , influenced 
tooth brushing , were described . 
the histometrical and 
acute and stable artificial 
by different frequencies of 
The histometrical resul ts showed no s ign ificant 
differences in brushing effect between the d ifferent groups 
concern ing the length of the j unctional ep ithel ium , loss of 
attachment and bone loss for both the acute and stable 
periodontal defects . In the normal periodont ium in beagle 
dogs the level of the alveolar bone is situated about 0 . 6  
mill imeters ap ica l  to the ap ica l termination of the 
j unctional epithel ium ( Lindhe , Hamp & Lc5e 1 9 7 5 , L indhe & 
Ericsson 1 9 7 8 ) .  From Tables 1 and 2 it can be seen that the 
distance ATJE - BONE ( i . e .  BONE-CEJ minus ATJE-CEJ ) was mostly 
in accordance with the above reported situation in the 7 
times a week brushing group . In both acute and stab le 
defects the distance BONE-CEJ was substant ially greater than 
the normal distance of about m i ll imeter reported by 
Waerhaug ( 1 9 52 )  and Lindhe et al . ( 1 9 7 5 ) . This impl icates 
that even a high frequency of brushing did not lead to the 
repair of the alveolar bone to the level that ex isted before 
creat ion of the periodontal defect . Some bone repai r ,  
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however, could be seen in all brush ing groups as reported 
earl ier in dogs by Hugoson & Schmidt ( 1978), Johansson, 
N ilveus & Egelberg (1978), Nyman & Karr ing (1979), and in 
squirrel monkeys by Kantor (1980). Even in the control group 
where no tooth brush ing was performed bone repair was 
v is ible. This is in close accordance w ith observations in 
l igature induced periodontal defects by Jansen, van D i j k  & 
P ilot (1982). 
The percentage of infiltrated connect ive t issue in the 
acute per iodontal defects as measured by the histolog ical 
brushing effect d id not d iffer s ign if icantly in the 
d ifferent brush ing groups (Table 3) The d ifferences in the 
stable periodontal defects however were s ign ificant in all 
brush ing groups. Th is was also the case w ith the trend 
(Table 4) This would suggest that a period of heal ing of 3 
months after creat ion of the defects leads to a situation, 
in wh ich d ifferent frequencies of tooth brush ing do have 
more influence. In other words, th is basel ine type of defect 
seems to be more sens it ive to plaque removal than freshly 
created defects which are during a per iod of 3 months under 
the influence of spontaneous heal ing after removal of the 
elastic bands (Jansen 1982). Any add it ional therapy such as 
plaque removal may be obscured by this phenomenon. 
F igs. 4 and 5 show the histopatholog ical results of the 
acute and stable defects of the 7 times a week brushing 
group. Some inflammatory cells were present just below the 
ap ical termination of junct ional epithelium and in the 
connective tissue underlying the oral ep ithel ium, so these 
tissues can not be classif ied as absolutely healthy 
accord ing to L indhe & Rylander (1975). However, Hamp & 
L indberg (1977) and Attstrom (1970) consi dered the presence 
of a few leucocytes as normal. The amount of inflammatory 
inf iltrate was gradually increas ing w ith a decreas ing 
brushing frequency. In the once a week brush ing group (F igs. 
8 and 9) and in the control group (F igs. 10 and 11) a dense 
inflamatory inf iltrate was present cons isting mainly of 
mononuclear cells, lymfocytes and plasma cells. Other h is-
1 6 2  
topatholog ical symptoms were extens ive anastomos ing 
ep ithel ial prol iferat ions into the connect ive tissue, many 
d ilated blood vessels and loss of collagen structure. These 
are all symptoms of a severe per iodontal inflammat ion (Hamp 
& Lindberg 1977, Armitage, Svanberg & Loe 1977, Page & 
Schroeder 1 976). There was always a zone of apparently 
normal connective tissue between the inf iltrated marg inal 
gingiva and the alveolar crest. The pers istance of such a 
zone has been reported by Sagl ie, Johansen & Fl¢tra (1975) 
and Page & Schroeder (1976). There was no ev idence of active 
bone resorption. This is fully in accordance with the 
find ings of Schroeder & L indhe ( 1980) who postulated that 
once the initial ulceration had been repaired the 
inflammatory reaction would become chron ic in type involving 
ma inly plasma cells and showing low osteoclast ic act iv ity. 
The fact that even the control group showed, in spite of a 
h igh percentage of infiltrated connective tissue, a supra­
crestal connective tissue without inflammatory inf iltrate, a 
small zone of junct ional ep ithel ium and some bone repai r  is 
furthermore in 
P ilot & Corba 
accordance with earl ier find ings of Jansen, 




to moderate per iodont itis upon ligature removal 
of absence of oral hygiene procedures. Hugoson 




their study were most ev ident in teeth exposed to mechan ical 
plaque control, but were also present in plaque-infected 
periodontal defects. The elast ic band removal in the present 
study may have caused an unintended removal of subg ing ival 
plaque. Polson, Kantor & Zander (1979), Adams, Zander & 
Polson ( 1979) and Kantor ( 1980) have · shown in monkeys that 
l igature removal accompanied with mechanical plaque removal 
resulted in a reduction of inflammat ion in the supra-crestal 
area followed by a reorganisation of transseptal f ibres and 
bone repair. These features were also visible in the present 
study. 
In F igs . 5 and 6 some root resorpt ion is present in the 
supracrestal connect ive tissue area. A magn if ication of F ig. 
163 
Fig. 12 Specimen of root resorption in the supracrestal 
connective tissue area. Magnification 192x. 
6 can be seen in Fig. 12. This resorption can be explained 
by the fact that the root was previously involved in 
periodontitis and that contact of the root surface with 
gingival connective tissue caused root resorption (Karring , 
Nyman & Lindhe 1980) . In cases when there is a downgrowth of 
epithelial cells along the rootsurface root resorption will 
not occur (Karring et al. 1984 ) .  Another possibility to 
explain root resorption in experimental defects is abcess 
formation as a result of deep elastic band placement , since 
these bands can obstruct the normal outflow of inflammatory 
products (Jansen 1982) . 
In nearly all histological sections of the present study 
new cementum was present extending from below the level of 
the newly formed alveolar bone to the apical termination of 
junctional epithelium. Melcher (1969, 1976) stated that 
cells of periodontal ligament play an important role in 
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healing and repair of ligament itself, cementum and alveola r  
bone. It may be speculated therefore that during c reation of 
the defects periodontal ligament cells remained present 
along the rootsu rface serving as a sou rce for new bone 
formation and new cementum . 
In conclusion it may be stated that both the histo­
metrical results of the ICT as well as the histopathological 
features indicate that brushing 7 times a week is preferable 
in obtaining the most favou rable periodontal situation . 
Differences between brushing frequencies (histological 
b rushing effect) are best monitored in stable periodontal 
defects and are obscured in the acute periodontal defects . 
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GENERAL DISCUSS ION 
Di s c u s s i on i n  gene ra l 
The present beag le dog studies were designed to get 
insight into the influence of plaque 





















certain frequency it does not become pathogenic. From 
several studies it is known that gingival health can be 
maintained when plaque is removed once every second day (in 
humans: Lang, Cumming & Uie 1973 ; in monkeys: Caton 1979) 
and experimental gingivitis can be cured by daily plaque 
removal (in humans: Loe et al. 196 5, Theilade et al. 196 6). 
There is, however, 
information on the 
very little differentiated 
optimal frequency of plaque 
and specific 
removal in a 
certain periodontal condition. Especially the minimal 
frequency with which the plaque has to be removed before it 
induces or increases periodontal inflammation is important. 
To avoid this problem it may be safe to remove plaque 
frequently e . g. once or twice daily. However, in this way a 
lot of energy may be spent unnecessarily. Especially when 
scientific experiments are designed a cost-benefit analysis 
should always be included. 
In our laboratory a dog model with artificially induced 
periodontal defects has been used for many years (van Dijk 
1979 and Jansen 1982) . The influence of daily plaque removal 
and no plaque removal has been analysed but no information 
was obtained concerning frequencies in between. 
Therefore four different frequencies of plaque removal 
(0, 1, 3 and 7 times a week) were tested 
experimental periodontal conditions: 
in four different 
gingival health, 
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experimental gingivitis , acute as well as stable periodontal 
defects . 
A l iterature survey of the use of dogs , especially 
Beagles , published in the three leading periodontal j ournals 
duri ng the period 19 6 5  through 19 8 4  revealed that the use of 
Beagles was increas ing in time especially compared to the 
use of non - Beagles . Beagles were even more frequently used 
than other dogs during the second decade of the twenty-year 
period . The most important top ics that were part of studies 
with Beagles were soft diet , experimental periodontitis/ex ­
perimental periodontal breakdown ,  experimental ging ivitis 
and oral hygiene frequency , all corresponding w i th the four 
basel i n e  situat ions that were created in our ex periments . 
W ith regard to frequency of ora 1 hyg iene appl ied i n  dog 
studies this literature survey demonstrated that in 9 6  out 
of 2 7 5  publ ications with dogs ( 3 4 . 9 % )  oral hygiene with a 
specific frequency was applied . It is remarkable that in 
none of these stud ies a comparison was made between the 
influence of different frequencies on the state of health of 
the periodontium . 
In the experiment where at basel ine healthy gingiva was 
created , cl in ical as well as histolog ical data revealed that 
after 2 4  weeks pract icing of oral hygiene no statistical 
sign ificant differences were 
times a week . This impl ies 
found between brushing 7 and 3 
that a brush ing frequency of 
three times a week 
health . This optimal 
is suff icient to preserve ging ival 
brushing frequency of three times a 
week was , however , not suff icient to restore an 
experimentally created gingivitis to a cl in ical as well as a 
histolog ical state of ging ival health . W ith th is basel ine 
situat ion a brushing frequency of 7 times a week resulted 
after 2 4  weeks in the most healthy situation . All other 
appl ied brushing frequencies were 
ging ival health in the experimental 
higher brushing frequency than was 
not able 
period of 
appl ied in  
to produce 
2 4  weeks . A 
the present 
experiment , for instance brushi ng twice a day , would perhaps 
be able to reinstitute ging ival health more completely or in 
1 70 
a shorter period of time. 
The clinical results of the experiment dealing with � 
periodontal defects showed that brushing 7 times a week is 
superior to brushing 3 times a week to establish and 
maintain gingival health. The same optimal frequency of 
brushing was recommended in order to establish and maintain 
gingival health in stable periodontal defects. 
The histometrical and histopathological analysis of both 
acute and stable periodontal defects revealed also that 
brushing 7 times a week is preferable in obtaining the most 
favourable periodontal situation . Differences however 
between the brushing frequencies are best monitored in 
stable periodontal defects. 
In reviewing the general conclusions about optimal 
brushing frequencies 





in the four experimental conditions 
be made. In each of the experimentally 
conditions it is difficult to compare 










whether the clinical or histological data were considered. 
The results also demonstrated the influence of the state of 
health or disease at the start of the experimental period on 
the optimal brushing frequency that is necessary to maintain 
or reinstitute periodontal health . For maintaining the 
gingiva that is at baseline healthy, a brushing frequency of 
three times a week is sufficient whilst daily brushing is 
absolutely necessary to create the most favourable 
periodontal condition , 
when at baseline 
clinically as well as h istolog ica lly, 
the periodontium is not healthy 
(experimental gingivitis, 
periodontal defects ) .  
Although these results 
acute as well 
are consistent and 
as stable 
based on 
statistically significant differences it should be kept in 
mind that the biological differences between the different 
1 7 1 
experimental entities were small. The experiments in which 
artificial periodontal breakdown was created had probing 
depths of 3. 0 mm on average and the experiments with healthy 
or inflamed gingivae had probing depths of about 2. 0 mm on 
average. So most changes, due to differences in brushing 
frequency, took place in shallow, mainly gingivally 
contained, lesions which react best to brushing as the only 
therapy (Waerhaug 1 9 8 1 ) .  Severe periodontitis, at least in 
humans, is usually characterized by pockets over 6 
millimeters when also alveolar bone is affected. It has been 
demonstrated that the influence of plaque removal in such 
defects is minimal if not accompanied by subgingival 
instrumentation (Cercek et al. 1 9 8 3 , Garrett 1 9 8 3 )  It would 
therefore be interesting to know the influence of plaque 
removal in very deep periodontal defects in dogs. To the 
knowledge of the authors no method has been described to 
produce progressive 
over 6 millimeters 
periodontal defects with probing depths 
in premolar areas of dogs. Such defects 
however have been reported to occur 
naturally occurring periodontitis in dogs 
exceptionally in 
(Page & Schroeder, 
1 9 8 1 ) . It may, therefore, be of value for future experiments 
to develop criteria in order to select from a colony those 
dogs or from a group of dogs those sites prone to be 
affected by periodontal breakdown with pocket information. 
For a proper analysis of the data a special statistical 
method was developed in which not the absolute scores at the 
experimental side for every tooth surface were compared with 
the same surface at the control side, but the difference was 
calculated between the experimental side and the control 













advantageous that in processing the data in this way one is 
independent from baseline situation and control side. This 
method seems therefore to be especially suitable for 
experiments performed on split-mouth basis. An argument 
against this rather unusual method is the difficulty to get 
1 7 2  
insight in the results before having processed the data 
completely. 
For the experimental design of the present experiments it 
was tried to compose a group with experimental animals that 
was as homogeneous as possible. This was done by using a 
group of true bred dogs, i . e. Beagles, of the same age. All 
animals were housed and fed identically. The appropriate 
number of animals was fixed by more or less conflicting 
considerations . On the one side the amount of animals should 
be great enough as to make statistical analyses possible 
whilst on the other side ethical and economical factors such 
as costs of purchase or housing and efforts in brushing 
promoted efforts to reduce the number of animals as far as 
possible . 
Although maximum efforts were executed to establish a 






some dogs consistantly scored 
other registrations . This is 




situation where some patients and some sites appear more 
sensible for periodontal beakdown compared to others. The 
statistical method that was applied in the present 
experiment did not , however, compare absolute scores but was 











reduced. Still anyone intending to use experimental animals 
and thereby trying to create homogeneous experimental groups 
should take into account that deviant measurements will 
certainly be found in several animals or at certain places 
in animals. Much research, including the present one, is 
dealing with mean results per dog , thereby levelling off 
extreme findings registered in dogs or at sites that are 
more sensible for periodontal breakdown , Sometimes there is 
even a tendency to eliminate extreme findings in order to 
avoid an ( assumed) disadvantageous effect on the results of 
an experiment. It should be noted that by doing so those 
17 3  
sites that might be more prone to periodontal breakdown 
and therefore are of extreme importance with regard to 
effect of periodontal treatment or knowledge about 
development of periodontal disease on sites at risk are 
excluded from obs ervation. 
Conc l u d i ng remarks 




B. In Tab le 
model has been used and analysed in s everal 
over the past ten years. A complete lis t  of 
of this res earch line is presented in Appendix 
1 a survey is p resented summarizing the effect 
of plaque removal in the different experimental periodontal 
conditions i.e. gingival health, gingivitis and artificially 
created periodontal defects. 
Three factors appear to be of importance in these 
experimenta l periodontal conditions: 
method used in creating the defect, 
probing depth of the created defect and 
the baseline situation. 
These points will briefly be dis cus sed. 
Methods used in creating the defect: 
elastic bands can produce deep defects in 
It is shown that 
incisor teeth. A 
disadvantageous side effect of elas tics is the occurence of 
root resorptions and periodontal abs cesses. 
region application of elastics only results 
shallow defects. For moderately deep defects 
In the premolar 
in creation of 
in this region 
copper bands and silk ligatures should be applied. 
Probing depths of the created defect: When after creation 
of a moderately deep defect no plaque is removed, an 
improvement of the periodontal condition limited to the 
deepest parts of the les ion, will occur just as a result of 
the removal of silk ligatures or elastics no longer 
functioning as plaque retention factors. New attachment will 








Healthy gingiva and 
experimental gingivitis 
Periodontal defects 
Copper band + ligatures 
Copper band + ligatures 
Elastics 
Elastics 
Oral hygiene regime 
7,3 and lx/week 
7, 3 and lx/week 
No oral hygiene 
7 times a week 
No oral hygiene 
7, 3 and lx/week 
No oral hygiene 
Observations 
7 = 3 times a week, gingiva stays healthy 
7 > 3 times a week 
7 times a week is necessary to establish gingival 
health 
Development of gingivitis 
Inflammation disappears 
Healing occurs 
No new attachment 
Inflammation decreases 
Healing occurs 
No new attachment 
Stable after 3 months 
7 times a week > 3 times a week 
Healing with brushing frequencies 7 and 3 times 
a week 
No new attachment 
Moderately deep defects: inflammation decreases 
healing 
no new attachment 
Shallow defects: inflammation remains 











results in persistance of inflammation. On the other hand 
applying of oral hygiene on moderately deep defects causes 
disappearance of the inflammation and healing, whils t  oral 
hygiene on shallow defects results in healing with a 
brushing frequency of 7 and 3 times a week. Brushing 7 times 
a week results in a more healthy periodontal condition 
compared to brushing 3 times a week. New attachment will not 
follow either. 
Situation at bas eline: As was already stated before, the 
periodontal condition at baseline, i. e. at the start of an 
experimental period, is of importance with regard to the 
optimal frequency of plaque removal ( the minimal frequency 
of brushing that is necessary to create the mos t  optimal 
periodontal condition ) .  For a healthy gingiva the optimal 
brushing frequency is 3 times a week, for experimental 
gingivitis and periodontal defects (freshly created as well 
as stable) brushing 7 times a week is neces s ary to establish 
a healthy periodontal condition. 
The above dis cus s ed results of beagle-research in our 
laboratory resulted in a complete survey of the influence of 
plaque removal on gingivally conta ined lesions and s hallow 
or moderately deep defects .  It is clearly shown that, with 
regard to creation of defects and the influence of oral 
regimes on these defects,  it is pos sible to create almost 
every desired periodontal condition neces s ary to perform 
periodontal res earch. The presented dog model is well 
controlled and leads to predictable periodontal conditions. 
Therefore the model i s  especially advocated in s tudying 
factors which are expected to produce situations,  very 
divergent from the established conditions. One may think in 
this res pect of chemical or mechanical influences on plaque 
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CHAPTER 1 2  
SUMMARY 








Groningen research has been performed 
model s ince 1 974 . The research line was 
D i j k  who stud ied surgery and oral 
periodontal defects in beagle dogs . 




those periodontal defects were subsequently inv estigated by 
Jan Jansen . 
The present report is de voted to the th ird and fourth 
seri es of e xperiments which cover the influence of diffe rent 
frequencies of oral hyg iene on four different e xperimental 
cond itions . The pro j ects can clearly be div ided into two 
series of experiments , one dealing w ith ging i vally conta ined 
les ions under respons ib ility of Jan Tromp , the other deal ing 
with art ificial periodontal defects under respons i b il ity of 
Nico Corba . The e xperiments were des igned in such a way that 
the different parts of the proj ect could b e  carried out at 
the same t ime and in the same group of beagle dogs , in close 
cooperation b etwe en Jan Tromp and Nico Corba . Therefore a 
j o int presentation of two theses in one book was preferre d .  
In Chapter some introductory remarks are made about 
periodontology and periodontal disease . Ideas and concepts 
about cause , onset and progression of periodontal d iseases 
are developed and repeatedly adapted accord ing to results of 
e xtens i v e  periodontal research . The traditional concept of 
periodontal d isease as a slow , cont inuous progress i v e  
a ilment has b e en replaced b y  the high risk concept . O n  the 
basis of ep idemiolog ical surveys it was demonstrated that 
some persons may b e  more suscept ible to progressive  
periodontal d isease than others and that the periodontal 
destruction m ight not be spread e venly through the 
dentit ion . Another hypothes is recently developed is the 
1 7 9  
random d i s eas e model. Accord ing to th i s  model periodontal 
d i s ea s e  i s  e s pec ially proceed ing in bursts of act iv ity for 
short per iods of t ime and at randomly at ind ividual s ite s in 
the periodontium. 
The s e  developments in the current view on per iodontal 
d i s eas e influence the way the s e  d i s ea s e s  s hould be treated 
or prevented. Efforts should be d irected to patients or 
s ites  that are at risk. In all the s e  chang ing v i e w s  plaque 
control remains the dec i s ive factor in therapy and 
prevention of per iodontal d i s eas e. 
The us e of experimental animals in per iodontal res earch 
has to be cons idered an important link in the whole cha in of 
developments of practica l appl ication of therapeutical or 
preventive methods and techn iqu e s  in humans. The effect of 
different frequenc i e s  of plaque removal on periodontal 
health was the ma in item of inv e s t igat ion. The re sults w ill 
augment the knowledge of the beagle dog model that as a 
re s ult may be us e d  more s electively and economically. 
Material and methods are described in general in Chapter 
£ •  The experiments were performe d  on 24 beagle dogs. Three 
upper and low er premolars 









at the left and r ight s ide of the 
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) .  In one group 
of 12 dogs a healthy gingiva was e stabl i shed in the upper 
jaw, while in the lower jaw acute periodontal defects w ere 
created. In the s econd group of 1 2 dogs an exper imental 
g ing ivit i s  was e s tabl ished in the upper jaw, while in the 
lower jaw stable per iodontal defects were created. At the 
bas el ine of the s e  four exper imental condit ions each group of 
12 dogs was distributed randomly into thr e e  groups of four 
dogs each. The follow ing regimen of toothbrush ing was 
instituted for the upper and lower right premolar areas: 
group was brushed 7 times a w e ek, group 2 was brushed 3 
time s a w e e k  and group 1 was brushed once a we ek. The 
premolar areas of the 
non-brushed controls .  
left s ide of the jaw s erved a s  
Results o f  the effect o f  tooth brush ing w e r e  recorded a t  
the d istal and mes ial aspects o f  the s elected premolars. 
1 80 
Reg istrat ions were carried out of plaque , g ing i v it is and 
probing depth . Probing depth was measured by means of a new 
developed s imple constant- force pocket probe , as described 
in Chapter 4 .  After 24 weeks all dogs were sacri f iced and 
histolog ical measurements were performed of the length of  
j unctional ep ithel ium , loss of  attachment and quant ity o f  
bone loss . Furthermore the s i ze of the inf iltrated 
connecti ve tissue was calculated . Then a h istopatholog ical 
description was gi ven of the d i f f erent periodontal 
conditions in relation to brush ing frequency . 
A brief rev iew of the three most frequently used 
exper imental ani mals in periodontology ( dogs , monkeys and 
rats ) j ust i f ied the use of dogs in experiments in wh ich oral 
hygiene is to be appl ied . In order to prov ide more insight 
in spec i f ic appl icat ion of dogs in Chapter 3 the results are 
presented of an explorat ion of the Journal o f  
Per iodontology , the Journal of  Periodontal Research and the 
Journal 
through 
of  Cl inical 
1 9 8 4 . 2 7 5  
Per iodontology for the period 
publ icat ions , describ ing dogs 
1 9 6 5  
were 
screened . Beagles were very frequently and increas ingly used 
dur ing th is period . Top ics for wh ich dogs were used most 
frequently were h istology , oral hyg iene frequency , sof t  
d iet , heal ing , experi mental periodont it is/experimental 
periodonta_l breakdown and exper imental ging i v itis . In 
art icles w ith the top ics oral hygiene frequency , soft diet , 
exper imental per iodont itis /ex peri mental periodontal 
breakdown and exper imental ging i v itis beagles were used in 
more than 7 5 % .  These most frequently scored topics in beagle 
stud ies are all covered in the four experimental basel ine 
situations created in the present series of experi ments . 
An overv iew of the d i f ferent frequencies of plaque 
removal appl ied in periodontal research in dogs revealed 
that quite a number of d i f f erent frequencies were appl ied o f  
wh i ch 7 t imes a week was pract iced most often . However , no 
dog-studies were publ ished comparing d i f f erent frequencies 
of oral hyg iene in d i f f erent experimental cond it ions . The 
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present series of experiments deal i n g  with four d i f ferent 
experimental condit ions in relation to dif ferent frequencies 
of plaque removal is there fore relevant for all researchers 
using Beagles in experiments in wh ich periodontal conditions 
are under in vesti gation . 
A complete list of the 2 7 5  publications describing dogs , 
with a speci ficat ion to type of dog and top i cs ,  is presented 
in Appendix A .  
I n  Chapter 4 some methodolog ical aspects are d iscussed . 
In order to reach an accurate way of assess ing  probing 
depths a simp le constant- force periodonta l probe was 
developed . An experiment revealed that th is probe showed 
signif icant smaller dev iations when measuring  periodontal 
pockets compared to a con ventional probe . 
Furthermore some problems around the analys is of the data 
are discussed . Special attention has been given to 
dependency or independency of measuremen ts in the beagle dog 
model . To illustrate th is problem a literature survey on 
statistical methods appl ied in beagle dog studies is 
presented . The analysis of clinical reg istrations was 
carried out by means of a calculated therapeutic ef fect , the 
brushing ef fect . The analysis of histolog ical reg istrations 
was carried out by means of  a h istological brush ing  ef fect . 
of 
The clinical data 
tooth brush ing 
found when three 
were appl ied to 
d i f ferent f requencies 
healthy gin g i vae are 
presented in Chapter 5 .  In the control group an increase i n  
Plaque Index was scored until maximum scores were attain ed 
at week 1 2 . In the once a week brushin g group there was some 
increase in Plaque Index . Only small amounts of plaque were 
found throughout the experiment in the 7 and 3 times a week 
brushin g groups . 
at the start of  
Only minor s igns of  
the experiment .  No 
in flammat ion were 
brushin g resulted 
seen 
in a 
rapid increase in Gin gival Index to maximum scores at week 
4 ,  after wh ich the scores seemed to stabiliz e .  In the once a 
week brush ing  group the development of g i n giv itis seemed to 
be slower . The Ging i val I ndex scores in the 7 and 3 times a 
18 2 
week brush ing groups remained low 
the control 
dur ing the 
sides h igher 
enti re 
prob ing exper imental period. On 
depths were scored dur ing the whole experiment. Compared to 
basel ine about the same prob ing depths were found after 2 4  
weeks in the brush ing groups, wh ile on the control s ides 
prob ing depths tended to increase. 
Comparison of the brush ing effects revealed that in this 
experimentally created baseline situation plaque removal 
w ith a frequency of three times a week was suff icient to 
preserve ging ival health, whereas toothbrush ing once a week 
resulted in g ingival inflammation. In a beagle dog model 
with healthy g ingiva at basel ine three t imes a week may be 
cons idered as the cr it ical brush ing frequency. 
Chapter 6 presents the clin ical data when the same 
brush ing frequencies were appl ied on experimental 
ging ivitis. At the start of the exper iment plaque was found 
in all groups. From eight weeks the 7 and 3 t imes a week 
brush ing groups remained almost plaque free. In the once a 
week brush ing group a reduct ion in Plaque Index score was 
noted dur ing the first phase of the experimental period but 
later on the levels increased aga in. During the second half 
of the experimental per iod in the 7 t imes a week brush ing 
groups the vast major ity of surfaces were scored cl in ically 
healthy, wh ile in the 3 times and once a week brush ing 
groups fewer healthy surfaces were found compared to the 
eight week-examination. In the control group invar iably h i gh 
G ingival Index scores were found. At the start of the 
exper iment the mean prob ing depth was about 2 mm. Dur ing the 
course of the exper iment the mean prob ing depths rema ined 
relat ively unaltered for all groups except for the 7 t imes a 
week brush ing group where after e ight weeks a decrease was 
not iceable. Dur ing 
was in th is group 
basel ine levels. 
the second half of the exper iment there 
a tendency for values to return to 
On the bas is of the statistical analysis it was found 
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that only by b rus hing every day healthy gingiva could be 
obtained. It was concluded that the state of gingival health 
at bas eline is important to determine the frequency of 
brus hing neces sary to create or maintain healthy gingivae. 
Res ults of the clinical evaluation of the influence of 
frequency 
defects 
defects )  
of tooth b rus hing on artificial 
immediately after 
are pres ented in 
creation (acute 




dis t ribution of the plaque scores s howed a g radua l increase 
of plaque free surfaces for the 7 and 3 times a week 
brus hing g roups. Plaque score in the once a week g roup 
tended to increase during the second half of the experiment. 
The frequency distribution of the gingival index scores 
decreased most pronounced for the 7 times a week b rus hing 
group. Twelve weeks after bas eline the majority of gingival 
units in the 7 times a week g roup was free of clinically de­
tectable inflammation. Mean values for p robing depth tended 
to decrease during the experiment. Most changes took place 
during the fi rst 4 weeks. 
The statis tical analysis based on the b rus hing effect 
showed that b rus hing 7 times a week is s uperior to b rus hing 
3 times a week in establis hing and maintaining gingival 
health in acute periodontal defects. 
The results of the clinical evaluation of the influence 
of frequency of 
defects after a 
tooth b rushing on artificial 
period of healing (stable 
periodontal 
periodontal 
defects ) are p resented in Chapte r  8. An inc rease of plaque 
free s urfaces appeared for all b rus hing g roups. Brus hing 
once a week ultimately led to all surfaces being covered 
with plaque. At bas eline all gingival units were inflamed 
and/or bled on probing. 
For the 3 and 7 times a week b rus hing g roups it took four 
weeks before there was a noticeable imp rovement in gingival 
health. Gingival health in the once a week g roup did not 
seem to improve during the experiment. The mos t  distinct 
change in p robing depth seemed to take place in the 7 times 
1 8 4  
a week brush ing group. 
The stat ist ical analys is bases on the brushing effect 
showed that in relation to a non-acute exper imental d isease 
entity such as a stable art ific ial periodontal defect, 
brush ing 7 t imes a week is superior to 3 t imes a week in 
order to establish and ma inta in g ing ival health. 
In Chapter 9 a paper is presented with the aim to 
investigate whether differences that were seen cl in ically in 
healthy and inflamed gingivae as a consequence of d ifferent 
brushing frequencies could be supported by histological 
observat ions. Histological signs of inflammation were more 
severe when brush ing was performed in lower frequencies or 
not at all. The histolog ical appearance in the once a week 
brushing group and the control group was very much al ike. 
Though in the non-brushing group the area of inf iltrated 
connective t issue extended in many instances in an ap ical 
direction 
ep ithel ium 
to the 
(ATJE) 
ap ical termination of 
and in the d irection of 
the junctional 
the central part 
of the papilla in no spec imens of these exper iments, ne ither 
in the brushing groups nor in the control groups loss of 
attachment was found. 
Only for the !CT-scores (Inf iltrated Connective T issue) 
s ign if icant differences were found. These d ifferences were 
in rather good agreement with the cl in ical results as 
presented in Chapter 5 and 6. As a result of this experiment 
a recommendation is done to use computed brush ing effects 






h istolog ical evaluat ion of 
tooth brush ing on acute 
the influence 
and stable 
artific ial periodontal defects are shown in Chapter 10. 
Mean distances and the mean ICT includ ing the standard 
dev iations per brushing frequency were given for both the 
acute and stable periodontal defects. The statist ical 
analysis based on the h istolog ical brush ing effect for the 
acute defect showed only a significant d ifference in loss of 
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attachment between the 7 t imes a week and the once a week 
brushing group . For the stable defects only the histolog ical 
brushing effect as expressed in the amount of ICT showed 
s i gnificant d ifferences between all brushing groups . 
Histopathological observat ions showed that both in the 
acute and stable periodontal defects even in the 7 times a 
week brushing group some inflammatory cells were present 
j ust below the ap ical termination of j unctional ep ithel ium 
and in the connective tissue underlying the oral ep ithelium . 
In the once a week group a dense inflammatory inf iltrate was 
present consisting mainly of mononuclear cells , lymfocytes 
and plasma cells . There was always a zone of apparently 
normal connective tissue between the inf iltrated marginal 
gingiva and the alveolar crest , even in the control group . 
I n  nearly all histological sect ions of the present study new 
cementum was present extending from below the level of the 
newly formed alveolar bone to the apical termination of 
functional epithel ium . Both the histometrical results of the 
ICT as well as the histopatholog ical features indicate that 
brushing 7 times a week is preferable in obtaining the most 
favourable periodontal 
brushing frequencies 




mon itored in 
between 
stable 
In Chapter 1 1 , the general discuss ion ,  the clinical and 
histolog ical results of all experiments are compared . It is 
found that for every experiment the statistical analyses 
resulted in the same opt imal brushing frequency , whether the 
cl inical or histolog ical data were cons idered . The results 
also demonstrated the importance of the state of health or 
disease of the periodontal tissues at baseline with regard 
to the optimal brushing frequency necessary to ma intain or 
create periodontal health . 
It  is stressed that , though statistically significant 
differences were found , the biological differences were 
small . Pockets over 6 millimeters were in general not found . 
Most changes took place in shallow pockets that react best 
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to brushing as the only therapy. It would be interesting to 
know the influence of plaque removal on periodontal defects 
over 6 millimeters . It would, therefore, be of value for 
future experiments to develop criteria to select from a 
colony those dogs or from a group of dogs those sites prone 
to be affected by periodontal breakdown with pocket 
formation. 
With regard to the statistical analysis it was concluded 
that this method seems to be especially suitable for 
experiments performed on a split mouth basis. An argument 
against this rather unusua l method is the difficulty to get 
insight in the results before having processed the data 
completely. 
Although maximum efforts were executed to establish a 
homogeneous group of dogs it was a regular finding that some 
measuring spots or some dogs consistantly scored different 
compared to the other registrations. Much research , 
including the present one, is dealing with mean results per 
dog, thereby levelling off extreme findings registered in 
dogs or at sites that are more at risk for periodontal 
breakdown. Sometimes, there is even a tendency to eliminate 
extreme findings in order to avoid an (assumed) 
disadvantageous effect on the results of an experiment. It 
should be noted that by doing so those sites that might be 
more prone to periodontal breakdown - and therefore are of 
extreme importance with regard to effect of periodontal 
treatment or know ledge about development of periodontal 
disease on sites at risk - are excluded from observation. 
In summarizing the effect of plaque removal on different 
experimentally created periodontal conditions, as was found 
in the experiments performed in our laboratory during the 
past ten years, three factors appeared to be o f  importance 
namely, method used in creating the defect, probing depth of 
the created defect and the baseline situation. 
All these experiments resulted in a complete survey of 
the influence of plaque removal on gingivally contained 
lesions and shallow or moderately deep defects (see Appendix 
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B ) .  It was clearly 
almos t  every desired 
perform periodontal 
well controled and 
conditions. Therefore 




the model is 




neces sary to 




especially advocated in 
produce situations, 
conditions. One may 
which are expected to 
from the established 
think in this respect of chemical or mechanical influences 
on plaque or plaque adhesion to the root surface. 
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CHAPTER 13 
SAMENVATTING 
Het onderzoek werd uitgevoerd in het vakgebied 
parodontolog ie , een deelgebied van de tandheelkunde dat z i c h  
bez ig houdt met het parodontium : het geheel van weefsels dat 
de tanden en kiezen houvast gee ft . In het parodontolog isch 
onderzoek warden veelvuldig beagle honden gebruikt voor h et 
verkri j gen van een beter inz i cht in oorzaak , verloop en 
behandel ing van parodontale aandoeningen . Het dieronderzoek 
is een onmisbare schakel b i j  het streven om betere methoden 
tot preventie en behandel ing te ontwikkelen . Parodontale 
afw i j kingen kunnen immers leiden tot verl ies van tanden en 
kiezen ,  uiteindel i j k  zelfs tot tandelooshe id . 
Op de afdel ing Parodontolog ie van de R i j ksun ivers iteit te 
Groningen wordt vanaf 19 7 4  onderzoek b i j  Beagles gedaan . De 
onderz oeksl i j n werd gestart door Johan van D i j k ,  met een 
onderzoek naar de invloed van parodontale c h irurg ie en 
mondhyg i �ne op kunstmatige parodontale defecten b i j  Beagles . 
Versch illende aspecten van deze parodontale defecten werden 
vervolgens door Jan Jansen nader bestudeerd . 
Het huid ige boek is gew i j d  aan de derde en vierde serie 
experimenten die betrekking hebben op de invloed van 
versc h illende frequent ies van plaqueverw i j dering op vier 
versch illende experimentele situat ies . Er kan een 
ondersche id gemaakt warden tussen twee groepen experimenten . 
De ene serie , waarvoor Jan Tromp verantwoordel i j k  i s ,  heeft 
betrekk ing op aandoeningen beperkt tot het tandvlees 
( gezonde g ing iva en experimentele g ing ivitis ) .  In de andere 
serie werd ge� xperimenteerd met kunstmatige parodontale 
defecten in de dieper gelegen weefsels , ender 
verantwoordel i j kheid van Nico Corba . De experimenten waren 
zodanig van opzet dat de versch illende onderdelen van het 
pro j ect tegel i j kert i j d  en in dezelfde groep honden kon 
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word en uitgevoerd in nauwe samenwerking tus sen beide 
onderzoekers. Dat is de reden dat aan een gezamenlijke 
presentatie van twee proef schriften in ��n boek de voorkeur 
werd gegeven. De taakverdeling tus sen de beide auteurs is in 
het begin van dit boek aangegeven. 
De experimenten 
van 2 4  honden. Bij 
werden uitgevoerd 
��n groep van 1 2  
in de premolaa rs treek 
honden werden in de 
onderkaak acute pa rodontale defecten en in de bovenkaak 
gezonde gingiva als s tartpunt van de experimenten gekozen. 
Bij een andere groep van 1 2  honden werden in de onderkaak 
stabiele parodontale defecten en in de bovenkaak 
experimentele gingivitis gemaakt. Beide groepen werden 
verdeeld in d rie groepen van vier honden. G roep werd 
dagelijks geborsteld, groep 2 werd drie keer per week 
geborsteld, groep 3 werd ��n keer per week geborsteld . De 
linkerkaakhelft van alle honden was de cont rolezijde en werd 
dus niet gebors teld. Mesiaal en dis taal van de 
gebitselementen werden plaque, gingivitis en pocketdieptes 
gemeten . Na een periode van 2 4  weken werden de honden 
opgeof ferd en histologisch onder z ocht. De lengte van het 
verbindings epitheel, het verlies van aanhechting , de 
hoeveelheid botverlies en de grootte van het 
onts tekingsinfiltraat werden berekend. 
Ten behoeve van de experimenten werd een speciale 
pocketmeter ontworpen en vervaardigd waarmee ender constante 
druk pocketdieptes werden gemeten. Onderzoek toonde aan dat 
deze pocketmeter significant kleinere af wijkingen gaf ten 
opzichte van conventionele pocketmeter s .  Veel aandacht werd 
besteed aan de statistis che bewerking met name aan de 
afhankelijkheid of ona fhandelijkheid van de metingen . Om dit 
probleem nader te illustreren we rd een literatuuroverzicht 
gemaakt van de statis tische methoden die in het Beagle 
onderzoek in het verleden zijn toegepast. De uiteindelijke 
analyse van de klinische registraties werd uitgevoerd aan de 
hand van een berekend therapeutisch ef fect, het zgn. 
"b rushing ef fect " . Voor histologis che gegevens gebeurde dit 
aan de hand van het " histological b rushing ef fect". 
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het gebruik van honden 
literatuurgegevens 
en Beagles in het 
bijzonder. De drie belangrijks te parodontologische tijd-
schriften in de wereld werden daartoe over een periode van 
de laatste twintig jaar ( 1 9 6 5- 1 984 ) onderzocht (zie Appendix 
A voor complete lijst) . Het bleek dat de meest frequent 
voorkomende onderwerpen bij Beagle studies konden worden 
teruggevonden in de in deze series verwerkte experimentele 
situaties. Bovendien bleek dat in dit soort onderzoek zeer 
frequent mondhygil!ne werd toegepa st. In geen enkel 
experiment werden echter verschillende frequenties met 
elkaar verge le ken. Op grond van deze gegevens mag het hier 
beschreven onderzoek van waarde geacht worden voor een 
juiste interpretatie van Beagle studies in het verleden. 
Bovendien mag het onderzoek relevant genoemd worden voor 
al le onderzoekers die Beagles gebruiken voor tandheelkundig 
onderzoek , met name ten aanzien van het meer doelmatige en 
economisch verantwoorde gebruik. 
Het is opvallend dat voor elk van de experimentele 
situaties de statistische analyse steeds weer resulteerde in 
een identieke optima le bors telfrequentie , of dit nu 
gebas eerd was op de klin ische dan we 1 op de his tologische 
gegevens. De uitkoms ten toonden aan dat drie keer per week 
borstelen voldoende is om gezonde gingiva gezond te houden. 
Deze optimale borstelfrequentie is echter niet voldoende om 
experimentele gingivitis 
geeft dagelijks bors telen 





In dat geval 
meest 
en stabiele parodontale 
gezonde 
defecten 
geeft dagelijks borstelen de meest gunstige parodontale 
effect tus sen de verschillende conditie , Verschillen in 
borstelfrequenties zijn echter bij de stabiele defecten 
duidelijker waarneembaar. Deze res ultaten tonen ook de 




het experiment. De optimale 
om parodontale gezondheid te 
is daarvan sterk afhankelijk. 
bors telfrequentie 
verkrijgen of te 
Voor deze s erie 
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experimen t en werd ernaar gestreefd een zo homogeen m ogel i j ke 
groep honden te verzamelen . Tech bleken regelmat ig op 
som m ige meetplaatsen of b i j  somm ige honden afw i j kende 
resultaten gev onden te worden . Z eals bi j de meeste studies 
werd ook in de hier beschreven experimen t en gewerkt met 
gem iddelden per hond , waardoo r  deze afw i j kende waardes n iet 
gemakkel i j k  teruggevonden kun nen worden . Het gaat hierb i j  
waarsch i j nl i j k  j u ist o m  d i e  plaatsen o f  die honden die 
gev oel ig z i j n  voor parodo n tale aandoen ingen . Tegen de 
achtergron d  van de huid ige tendens in de parodontologie om 
risicogroepen op te sporen zou het derhalve aanbevel ing 
verdien en in de toekomst j uist deze afw i j kende meetplaatsen 
of afw i j kende honden in de observat ies te betrekken . 
Als de resultaten van de onderhav ige serie experimenten 
worden toegevoegd aan de and ere experimen ten van de 
onderz oeksli j n  o ntstaat een volledig overz icht van de 
in vloed van plaqueverw i j deren op de verschillende 
parodo n tale situat ies ( z ie Append i x  B ) . Duidel i j k  wordt dat 
b i j  het effect van plaqueverw i j deren op verschillende 
experi men tele situat ies drie fact oren van belang z i j n , 
nameli j k  de methode van cre�ren van de afw i j king,  de 
gecre�erde pocketdiepte en de uitgangss i tuat ie b i j  de 
aan vang van het onderz oek . 
De uitgevoerde experimen ten t o nen aan dat het mogeli j k  is 
bi j na elke gewenste condi t ie te cre�ren d ie n odig is voor 
parodon taal onderzoek . Het Beagle honden model is geed 
beheersbaar en geeft voorspelbare parodon tale s ituat ies . Voor 
een breed scala van toekomst ig onderz oek , o ok b i j vo orbeeld 
naar chem ische of mechan ische i n vloed op plaque of plaque 
adhes ie aan worteloppervlakken is het model goed bruikbaar. 
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APPEND IX A 
OVERVIEW OF ART ICLES DESCR I B ING DOG-STUD IES IN THREE LEAD ING 
PERIODONTAL JOURNALS DURING THE PERIOD 19 6 5  THROUGH 1984  
Explanation of symbols 
* Publ ication using beagles as well as non beagles ; in 
process ing the data these papers are calculated as two 
publ ications . 
B Publ icat ion in wh ich beagles are used . 
Abbreviations from Chapter 3 
H H istology 
OH Oral hyg iene frequency . In parentheses is ind icated the 
frequency of oral hygiene per week . 
SD Soft diet 
HE Healing/reattachment 
EP Experimental Periodont itis/ 
Experimental Periodontal Breakdown 
EG Experimental Gingivitis 
T Test ing/Applying a kind of therapy 
V Periodontal Vascularisat ion 
I I mmunology 
Ba Bacteriology 
D Drugs 
CA C itric acid 
CH Chlorhex idine 
Abbreviations from Chapter 4 ( accord ing to Table 1 )  
CES Comparat ive experiment with statist ical analys is 
DE Descript ive experiment 
CE Comparative experiment without statist ical analysis 
SM Spl it mouth procedure 
ND Normal d istribut ion 
PD Parameterfree distribution 
NM No stat istical method ment ioned 
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s Surface (n not mentioned) 
SN Surface (n mentioned) 
T Tooth (n not mentioned) 
TN Tooth (n mentioned) 
QN Quadrant (n mentioned) 
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